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CHAPTER 1. PIPING DESIGN-GENERAL 


Piping characteristics that are common to normal 
air conditioning, heating and refrigeration systems 
are presented in this chapter . The areas discussed 
include piping material, service limitations, expan¬ 
sion, vibration, fittings, valves, and pressure losses. 
These areas are of prime consideration to the design 
engineer since they influence the piping life, mainte¬ 
nance cost and first cost. 

The basic concepts of fluid flow and design in¬ 
formation on the more specialized fields such as high 
temperature water or low temperature refrigeration 
systems are not included; this information is avail¬ 
able in other authoritative sources 


GENERAL SYSTEM DESIGN 

MATERIALS 

The materials most commonly used in piping 
systems are the following: 

1 Steel — black and galvanized 

2 Wrought iron — black and galvanized 

3. Copper — soft and har d 

Table 1 illustrates the recommended materials 
for the various services Minimum standards, as 
shown, should be maintained Table 2 contains the 
physical properties of steel pipe and Table 3 lists 
the physical pr operties of copper tubing 


TABLE 1 —RECOMMENDED PIPE AND FITTING MATERIALS FOR VARIOUS SERVICES 




T;: vFlttlHOS^W \ v. 

•v 

' A-i !* ..r ■ i \ 

v-t 

■ . 

y.A- • 

TinTT'-TT ■. Ti-T 

i REFRIGERANTS 

12, 22, -500 and 502 ' 

y 

* -i. • ; - \ 

/• {vi:j“ , ■ 

i : Suction Line , 

Hard copper tubing. Type L* 

Wrought copper, wrought brass or tinned cast brass ■ 

-• ;--V. ‘ .- V . • - i 

Steel pipe, standard wallyyt‘if 
Lap welded or seamiest y y 

150 lb welding or threaded malleable iron 

• ‘ •N'.yAVyV.;..V i-’iAG ■ i '■ 

ii"'. • ■ ::. v ; v v . * 

y ; : ::Liqyid Line ' 

Hard copper tubing,-Type L‘i 

Wrought copper, wrought:brass or tinned cast brass .;(y : 

, Steel pipe, standard wall • i, 

' ■■■■ Lap welded or seamless y y 

.300 lb welding or threaded malleable iron 

'.y -• ■ t 

VTT:? 

~ ■ ‘■y- 

:frl Hot.Gat Line 

Vi - . 

Hard copper tubing,7ype L‘ 

Wrought copp er; wrought brassartinned castbrassy n 

.... ■. 

Steel pipe/standard wall 

Lap welded or sedmlesjfy-'y- 

300 lb welding'or threaded malleabie iron r ' V\- 

/ 1 \'\i .‘-V< l r *:• -J • 'J •. 

‘‘rtv CHILtED ; WATER f-?? 

f -; 

T -T: T . j 

Black or galvanized steel pipef 

Welding', galvanized; cast, malleable or black ironf 

■ V." ' - & .i ' • . ' • .... 

Hard copper tubingf 

- Js»c .. - 

Cost brats, wrought copper or wrought brass 

ife- _ 

CONDENSER OR 
MAKE-UP WATER 

f V-VV- 7 

Galvanized steel pipef TjT 

t - * .'.•** : ' ; **V-- 

• Welding, galvanized; cast or malleable ironf 

Hord copper tubing! _- 

Cost brass, wrought copper or wrought brass 

DRAIN OR - ^.T V - 
CONDENSATE LINES 


Galvanized steel pipef : ■ T .. 

Galvanized drainage; cast or malleable ironf 

Hard copper tubingf . r: 

Cost brass, wrought copper or wrought bross 

STEAM or 
CONDENSATE 


Black steel pipef - Z. TT- T 

Welding or east ironf 

Hard copper tubingf 

Cast brass, wrought copper or wrought brass 

HOT WATER 


Black steel pipe -..TT V - 

Welding or cast ironf;..;-' T-; •• • ■' 7 ■ 


Hard copper tubingf • rTTT"- 

-;Cast brass, wrought copper or wrought brass ; 


‘Except for sizes 'A” and z /t n OD where wall thicknesses of 0.30 and 0 32 in. are required. Soft copper refrigeration tubing may be used for sizes 
1 y%" OD and smaller.. Mechanical joints must not be used with soft copper tubing in sizes larger than Vt ” OD 


f Normally standard wall steel pipe or Type M hard copper tubing is satisfactory for air conditioning applications However, the piping material 
selected should be checked for the design temperature-pressure ratings. 

fNormaliy 125 lb cast iron and 150 lb malleable iron fittings are satisfactory for the usual air conditioning application However, the fitting material 
selected should be checked for the design temperature-pressure ratings. 

Aix Conditionia ff Cam puny . . 


















PART 3. PIPING DESIGN 


TABLE 2— PHYSICAL PROPERTIES OF STEEL PIPE 


SCHEDULE 

-NO t 


OUTSIDE 

DIAM 


WALL 

THICK¬ 

NESS 

(in.) 


WEIGHT 

OF 

PIPE 

(Ib/ft) 




WT OF OUTSIDE INSIDE 

WATER SURFACE SURFACE 

IN PIPE-*—: . 4 

(ib/ft) ' (*q ft/ft) 


TRANS¬ 
VERSE 
AREA 
(»g in.) 

568 
364 



*To change "Wt of Water in Pipe (Ib/ft)" to "Gallons of Water in Pipe (gal/fll,** 

fS is designation of standard wall pipe 
X is designation of extra strong wall pipe 


divide values in table by 8 34 
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TABLE 3 —PHYSICAL PROPERTIES OF COPPER TUBING 


CLASSIFICATION 

NOM 

TUBE 

SIZE 

OUTSIDE 

DIAM 

(in.) 

STUBBS 

GAGE 

WALL 

THICK¬ 

NESS 

(in.) 

INSIDE 

DIAM 

(in.) 

TRANS¬ 
VERSE 
AREA 
(*q In.) 

MINIMUM 
? TEST 
PRESSURE 
(psi) 

WEIGHT 

OF 

TUBE 

(Ib/ft) 

WT OF 
WATER 

IN TUBE* 
(Ib/ft) 

OUTSIDE 

SURFACE 

(sq ft/ft) 

" T: HARD '"f 

Govt. Type;!’. 

" v ’’ : 250 Ib'fv^v 

Working 

frO**ur«j-:« ; #;4 

; T % 

:• 

% 

V* 

% 

s /« 

23 

23 

22 

H 

325 

.450 

.569 

083 

.159 

.254 

m 

m 

.036 

069 

.110 

.098 

131 

.164 

i " 

114 

7 /i 

1 Vi 

1% 

21 

20 

19 

n 

811 

1.055 

1.291 

516 

874 

1.309 

710 

600 

590 

.328 

464 

.681 

.224 

.379 

.566 

229 

295 

.360 

Lf..L% 'v- : 
,>; : .2 •',•■•• i-: • 

• 2% ■ 


18 

17 

16 



mi 

H— 

mm 

.793 

1 372 
2.120 

425 

.556 

.687 

*3 -Mfe, 

/ ziM" 

-• 4 . 

3'/. 

3% 

4 Vi 

15 

14 

13 


2 981 

3 459 
3.935 

ii 

ML 

2 68 

3.58 

4.66 

3 020 
4.060 
5.262 


^8 : r^: 

514 

614 

8 Vi 

12 

1 

4 907 

5 881 
7.785 

18 91 
2716 

47.6 

400 

375 

375 

666 

8.91 

16.46 

8 180 
11.750 
20.60 

xsm 

•. hard .' 

■i'■ ' 

• * v - '«-viX : •<■-** ■ 

? $$?; r 

£'»V l V : G*Yi&YP±:$^A 

•m y*;V: 

,' 250 Lb 
‘ Working 

/Preisure^V---;' •. 

1 ■' . '^1 

/ . 

14 

y. 

7. 

1? 

m 

430 

545 

.785 

.146 

233 

.484 

1000 

1000 

1000 

198 

.284 

.454 

063 

.101 

.209 

131 

164 

.229 

' 1 T/" 

ir-l 

114 

iy. 

m 


m 

amm 

- : ■ 

'1 

IB 

880 

780 

720 

653 

882 

1.14 

358 

554 

.770 

.295 

.360 

.425 

i 2 Vi 

• 

'? 3%G 

|j| 



m 

3094 

4 77 
6812 
9.213 


1.75 

248 

3.33 

4.29 

1 338 
2070 
2.975 
4.000 

.556 

687 

,.818 

.949 

';T4 

5 - . 

6 

1 


m 

3 905 

4 875 
5.845 

11 


538 

761 

10.20 

5 180 
8,090 
11.610 


HARD 

ssillm:;; 

Govt. Type :■ 

400 Lb; 

^\ : Working 
Pre**ure 

v. ye-:. 

■/v:Viir 
• “ W , 

% 

14 

5 /» 

21 

18 

18 

m 

311 

402 

.527 

m 

1000 

1000 

1000 


■ 

098 

.,131 

.164 

S; Vl %«V;; 

7. 

114 

1% 

16 

16 

16 


745 

995 

1.245 

436 

.778 

1.217 

1000 

780 

630 

.641 

839 

1.04 

Wm 

229 

295 

.360 

mV 

2"^f; 
’., 21# 

H 

15 

14 

13 


m 

1722 

3 014 
4.656 

580 

510 

470 

1 36 
2.06 
2.92 

mm 

WmmEm 

.425 

556 

.687 

3 r F: 

3%;. 

•.^4-^ • 

m 

12 

11 

10 

■m. 

RhI 

2 907 
3.385 
3.857 

6 637 
8.999 
11.68 



n 

8.18 

949 

1.08 

if 5 Vi"; 
6 ■**.'* 

wm 


160 

.192 

4 805 
5.741 

18.13 

25.88 

400 

400 



1.34 

1.60 

SOFT; ’: L: 

. " % ■: ■ 

Govt. Type 
“K" 

250 lb 

Working 

Pre**ure 

'i 

■ 

” W , 

* % 

!A “■ 

Vt 

A 

Vt 

21 

18 

18 

032 

049 

.049 


.076 

.127 

.218 

1000 

1000 

1000 

.133 

.,269 

.344 


.098 

.131 

.164 

y« ■ 

i y 4 

V* 

114 

iy. 

16 

16 

16 

065 

065 

.065 

19 

436 

778 

1.217 

1000 

780 

630 

641 

.839 

1.04 

.189 

.336 

.526 

.229 

.295 

.360 

m ,/ 

2 •"■s : 

. 2W-' :: 


15 

14 

13 

■a 

m 

1.722 

3 014 
4.656 

580 

510 

470 

136 

2.06 

2.92 

.745 

1 300 
2.015 

.425 

556 

.687 

' 3:4T:" 

314 - 

4 “v- • 

314 

3 s /, 

V/t 

12 

11 

10 

..109 

.120 

.134 

2.907 

3.385 

3.857 

6 637 

8 999 
1-1.68 

450 

430 

420 


2.870 

3 89 

5.05 


5 " . 

6 

514 

67. 


.160 

.192 

4 805 
5.741 

18 13 
25.88 

400 

400 

9 67 
13.87 

7 80 

11.2 

1 34 

1.60 


*To chooge "W. of Wotcr in Tube l lb/ft)" to "Gollons of Woter in Tube (gol/ftP divide volues in toble by 6 34 


Jiir Coaditjonlav Ceai~.y 
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PART 3 PIPING DESIGN 


SERVICE LIMITATIONS 

The safe working pressure and temperature for 
steel pipe and copper tubing, including fittings, are 
limited by the USAS codes. Check those codes when 
there is doubt about the ability of pipe, tubing, or 
fittings to withstand pressures and temperatures in a 
given installation In many instances cost can be re¬ 
duced and over-design eliminated For example, if 
the working pressure is to be 175 psi at 250 F, a 150 
psi, class A, carbon steel flange can be safely used 
since it can withstand a pressure of 225 psi at 250 F. 
If the code is not checked, a 300 psi flange must be 
specified because the 175 psi working pressure ex¬ 
ceeds the 150 psi rating of the 150 psi flange 

The safe working pressure and temperature for 
copper tubing is dependent on the strength of the 
fittings and tube, the composition of the solder used 
for making a joint, and on the temperature of the 
fluid conveyed Table 4 indicates r ecommended ser v¬ 
ice limits for copper tubing 

EXPANSION OF PIPING 

All pipe lines which are subject to changes in 
temperature expand and contract Where tempera¬ 
ture changes are anticipated, piping members capa¬ 
ble of absorbing the resultant movement must be 
included in the design Table 5 gives the thermal 
linear expansion of copper tubing and steel pipe 

There are thr ee methods commonly used to absor b 
pipe expansion and contraction: 

1., Expansion loops and offsets — Chart 1 shows 
the copper expansion loop dimensions required 
for expansion travels up to 8 inches Chart 2 
shows the sizes of expansion loops made of 
steel pipe and welding ells for expansion trav¬ 
els up to 8 inches 


TABLE 5—THERMAL LINEAR EXPANSION OF 
COPPER TUBING AND STEEL PIPE 

(Inches per 100 feet) 


TEMP RANGE (F). .; 

-——-— 

COPPER TUBING 

STEEL PIPE 

o ’"U 

• 0 

0 

50 4. $4'A 

--.56.-;:— .' 

,37 

ioo - T 

i .i 2 v v •. 

.76 

150 

1 69 

1,15 

200 

2 27 

1 55 

... 250 


1.96 . 

' 300 

3 45 , 

2,38 ' 

350 

* 4 05 

2.81 

400 ■■■<.: 

4.65 

...... 3.25 ivV: 

:v- "450V : V£22 

■l‘ip-5 27 ' 

^4^5.89 - 

“ ' : T " Z70" ? f :p/ 
'V,;. . .. 4.i5Vj;Vv; 


NOTE: Above dote ore bated on expansion from 0°F but ore JuF 
eiently accurate for all other temperature ranges. 


Table 6 gives the minimum length from an 
elbow to expansion-type supports required for 
offsets in steel piping up to 5 inches. Expansion 
loop sizes may be reduced by cold-springing 
them into place. The pipe lines are cut short 
at about 50% of the expansion travel and the 
expansion loop is then sprung into place 
Thus, the loops are subject to only one-half 
the stress when expanded or contracted. 

2 Expansion joints — There are two types avail¬ 
able, the slip type and the bellows type. The 
slip type expansion joint has several disadvan¬ 
tages: (a) It requires packing and lubrication, 
which dictates that it be placed in an accessible 
location; (b) Guides must be installed in the 
lines to prevent the pipes from bending and 
binding in the joint . 

Bellows type expansion joints are very sat: 
factory for shor t tr avels, but must be guided or 


TABLE 4—RECOMMENDED MAXIMUM SERVICE PRESSURE FOR VARIOUS SOLDER JOINTS 


* SOLDER USED M- \ 
: IN ‘ JOINTS 

: SERVICE TEMP .. 

.rUJ--. - ■ 

MAXIMUM SERVICE PRESSURE (PSI) 

* V. 

' ' ; ‘ Waler ' V. 'iSgSgc*.;-. . 

Steam 

Vn” to 1 Vi" 

Inc!. 

»o'2l4^‘Kj 

' incl. 

t *® 4 Vi y . 

j', V Incl. 

ah ; 

so-so'tX 
• ..’TV. Tin-Lead ^..T:A' 

ibT'VlOO^'' 

ITT "150: - 

•TV: 200 

WV. : 250 V .. - 

• 200 *” ‘ " 

150 

*" r : ioo 
..5:-- 65 . 

• 175 ’ ! 

125 | 

90 

75 . 

150 

100 

75 

_' 50 . 

15. £ 

• • ; 

Tin- Antimony or . 

" 95-s T;£z- 

ioo V 

150 

TT: S 200 

3~X • 250 

ir 't 500 

400 

300 

200 

400 

350 

250 - •“ v 

175 . 

300 

fc-Tdl: .1275' • , 

iV 4U200 

j 150 

15 f 

Solders Melting At 
or Above -I., 
1100 F 

4;.V /A''350 

270 

190 

155 

120 


: xtracted from American Monaara ~ 

? he American Society of Mechanical Engineer,, 29 West 39th Street. New York 18 New York 
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PART 3 PIPING DESIGN 


TABLE 6—STEEL EXPANSION OFFSETS 





EXPANSION 

OF LONGEST LEG 


SIZE | 

V 

VA" 

2" 

214":! 

3" 

3Vi" 

4" 

4Vi" 

5" 

2" i 

8 

11 

13 

15 4 

16 

17 

18 

19 

20 

2'A* 

4 9 

-12 

14 

16? 

17 

: 18 

19 

21 

22 

3* 

10 

T13 

15' 

- 17 

18 

19 

20 

22 

23 

4” 

11 

-14 

16' 

?18 . 

T191 

• 22 

22. 

24 

25 

S" 

12 

,15 : 

i7~ 

* * 19 

21 

23 

25 

7 27 

28 

6 " 

13 

416- 

19 

-214 

23 

25 

.27 

29 

31 

8 " 

18 

20 . 

22 

25 

27 | 

29 

31 

33 

35 

10 " 

20 

23 

26, 

: 28 

30 I 

33 

35 

38 

40 

12 " 

: 22 { 

f: 26 . 

.29 - 

32 

-:34 

37 

40 

43 

45 


-V 5: REQUIRED 


1 LONG LEG 




MIN FEET 



ANCHOR / 

! 

ti 

UJ 

Lu 

sj 

MOMENT GUIDE 
(STD.. TYPE PIPE SUPPORT) ' 

ANCHOR- 

2 

£— 

_J 


NOTES: 

1.. Figure expansion of longest leg 
2. Find minimum feet required for 
this amount of expansion from 
chart This represents the mini¬ 
mum footage of expansion type 
pipe supports required each side 
of elbow. 

GR.B seamless steel pipe, based 
of code for pressure piping 

Data from Ric-Wil Co. 


Dimensions shown are for ASTM, A53, 
on stress values in district heating section 
USAS B.3U, 


in some other way restrained to prevent col¬ 
lapse 

3 flexible metal and rubber hose — Flexible 
hose, to absor b expansion, is recommended for 
smaller size pipe or tubing only. It is not rec¬ 
ommended for larger size pipe since an exces¬ 
sive length is requir ed . 

Where flexible hose is used to absorb expan¬ 
sion, it should be installed at right angles to 
the motion of the pipe 

The devices listed above are not always necessary 
to absorb expansion and contraction of piping. In 
fact they can be omitted in the great majority of 
piping systems by talcing advantage of the changes 
in direction normally required in the layout Con¬ 
sider, for example, a heat exchanger unit and a 
pump located 50 ft. apart. Sufficient flexibility is 
normally assured by running the piping uff to the 
ceiling at the pump and back down at the heat 
exchanger, provided the piping is merely hung 
fr om hangers and anchored only at the ends where 
it is attached to the pump and the heat exchanger 

PIPING SUPPORTS AND ANCHORS 
All piping should be supported with hangers that 
can withstand the combined weight of pipe, pipe 
fittings, valves, fluid in the pipe, and the insulation.. 
They must also be capable of keeping the pipe in 
proper alignment when necessary., Where extreme 
expansion or contraction exists, roll-type hangers 


or saddles should be used. The pipe supports must 
have a smooth, flat bearing surface, free from buns 
or other sharp projections which would wear or cut 
the pipe. 

The controlling factor in the spacing of supports 
for horizontal pipe lines is the deflection of piping 
due to its own weight, weight of the fluid, piping 
accessories, and the insulation. T able 7 lists the rec¬ 
ommended support spacing for Schedule 40 pipe, 
using the listed conditions w r ith water as a fluid 

The support spacing for copper tubing is given 
in Table 8 which includes the weight of the tubing 
filled with water 

Tables 7 and 8 are for ‘‘dead level” piping Water 
and refrigerant lines are normally run level; steam 
lines are pitched Water lines are pitched when the 
line must be drained. For pitched steam pipes, refer 
to Table 22, page 82, for support spacing when 
Schedule 40 pipe is used 

Unless pipe lines are adequately and properly 
anchored, expansion may put excessive strain on 
fittings and equipment. Anchors are located accord¬ 
ing to job conditions. For instance, on a tall build¬ 
ing, i e 20 stor ies, the risers could be anchored on the 
5 th floor and on the 15 th floor with an expansion 
device located at the 10th floor This arrangement 
allows the riser to expand in both directions from 
the 5th and 15th floor, resulting in less pipe travel 
at headers, whether they are located at the top or 
bottom of the building or in both locations 


TABLE 7—RECOMMENDED SUPPORT SPACING 
FOR SCHEDULE 40 PIPE 


NOMINAL PIPE SIZE,, 

■ : ' On.1 ■ ’ •' 

-DISTANCE 

BETWEEN SUPPORTS 

H* (ft) - ;-v 

: : V */4- 1V4 ; ; 


4; : . 8 

VA 2’A III 


10 . , 

. 3 -: 3% • . . ; 


12 

' 4 -6 

■ 4 4' 8 • - -12 ; ' , 


: " : i •• 

D-.; 16 

4 14 24 ■ :r - 


20 " 


TABLE 8—RECOMMENDED SUPPORT SPACING 
FOR COPPER TUBING 


' i TUBE OD ’- i_ 1 

- (in.I1 

JTTdJSTANCE BETWEEN SUPPORTS 

60 

• . . y. • ' 

7 ■ : 6 

- - . % - t x m 

‘ 8 

- • i% - 2 >/. -r 

10 

7 - 2%i-5Hr;;G 

:: 12 

6Vi - 8Vi? 

' - : 14 
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On smaller buildings, i.e. 5 stories, risers are 
anchored but once.. Usually this is done near the 
header, allowing the riser to grow in one direction 
only, either up or down depending on the header 
location 

The main point to consider when applying pipe 
support anchors and expansion joints is that expan¬ 
sion takes place on a temperature change The 
greater the temperature change, the greater the ex¬ 
pansion The supports, anchors and guides are ap¬ 
plied to restrain the expansion in a desired direction 
so that trouble does not develop because of neg¬ 
ligent design or installation For example, if a take¬ 
off connection from risers or headers is located close 
to floors, beams or columns as shown in Fig 1, a 
change in temperature may cause a break in the 
take-off with subsequent loss of fluid and flooding 
damage In this figure trouble develops when the 
riser expands greater than dimension “X ” Proper 
consideration of these items is a must when design¬ 
ing piping systems. 

VIBRATION ISOLATION OF PIPING SYSTEMS 

The undesirable effects caused by vibration of 
the piping are: 

1 Physical damage to the piping, which results 
in the rupture of joints. For refr igerant piping, 
loss of refrigerant charge results 

2 Transmission of noise thru the piping itself 
or thru the building construction where piping 
comes into dir ect contact 

It is always difficult to anticipate trouble resulting 
from vibration of the piping system. For this rea¬ 
son, recommendations made toward minimizing the 
effects of vibration are divided into two categories: 

I . Design consideration — These involve design 
precautions that can prevent trouble effec¬ 
tively 



Fig. 1 — Take-off Too Close To Floor 


2. Remedies or repans — These are necessary 
where precautions are not taken initially or, 
in a minority of cases, where the precautions 
prove to be insufficient 

Design Considerations for Vibration Isolation 

I. In all piping systems vibration has an originat¬ 
ing source. This source is usually a moving 
component such as a water pump or a com¬ 
pressor When designing to eliminate vibra¬ 
tion, the method of supporting these moving 
components is the prime consideration. For 
example: 

a The weight of the mass supporting the 
components should be heavy enough to 
minimize the intensity of the vibrations 
transmitted to the piping and to the sur¬ 
rounding structure The heavier the stabi¬ 
lizing mass, the smaller the intensity of the 
vibration 

b Vibration isolators can also be used to mini¬ 
mize the intensity of vibration 
c A combination of both methods may be 
required 

2 Piping must be laid out so that none of the 
lines are subject to the push-pull action result¬ 
ing from vibration.. Push-pull vibration is best 
dampened in torsion or bending action 

3 The piping must be supported securely at the 
proper places The supports should have a 
relatively w'ide bearing surface to avoid a 
swivel action and to prevent cutting action on 
the pipe 

The support closest to the source of vibration 
should be an isolation hanger and the succeed¬ 
ing hangers should have isolation sheaths as 
illustrated in Fig 2, page 8. Non-isolated 
hangers (straps or rods attached directly to the 
pipe) should not be used on piping systems 
with machinery having moving parts. 

4. The piping must not touch any part of the 
building when passing thru walls, floors, or 
furring Sleeves which contain isolating mate¬ 
rial should be used wherever this is anticipated 
Isolation hangers should be used to suspend 
the piping from walls and ceilings to prevent 
transmission of vibration to the building. 
Isolation hangers are also used where access to 
piping is difficult after installation 

5. Flexible hose is often of value in absorbing 
vibration on smaller sizes of pipe. To be effec¬ 
tive, these flexible connectors are-installed at 
right angles to the direction of the vibration 


Air Can ditianinff ComjMjif 
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Fig. 2 — Isolated Sheath Pipe Hanger 

Where the vibration is not limited to one 
plane or direction, two flexible connectors are 
used and installed at right angles to each other 
The flexible hose must not restrain the vi¬ 
brating machine to which it is attached At the 
opposite end of the hose or pair of hoses, a 
rigid but isolated anchor is secured to the 
connecting pipe to minimize vibration 
Generally, flexible hose is not r ecommended in 
systems subject to pressure conditions Under 
pressure they become stiff and transmit vibra¬ 
tion in the same manner as a straight length 
of pipe. 

Flexible hose is not particularly efficient in 
absorbing vibration on larger sizes of pipe 
Efficiency is impaired since the length to- 
diametei ratio must be relatively large to ob¬ 
tain full flexibility from the hose. In practice 
the length which can be used is often limited, 
thus reducing its flexibility 

Remedies or Repairs for Vibration Isolation After 
Installation 

1 Relocation of the piping supports by trial and 
error tends to dampen extraordinar y pipe vibra¬ 
tion. This relocation allows the piping to take 
up the vibration in bending and helps to cor¬ 
rect any vibrations which cause mechanical 
resonance. 

2 If relocation of the pipe supports does not 
eliminate the noise problem caused by vibra¬ 
tion, there are several possible recommenda¬ 
tions: 

a. The pipe may be isolated from the support 
by means of cork, hair felt, or pipe insula¬ 
tion as shown in Fig 2. 


b. A weight may be added to the pipe before 
the first fixed support as illustrated in Fig. 3 
This weight adds mass to the pipe, reducing 
vibration. 

c Opposing isolation hangers may be added. 

FITTINGS 

Elbows are responsible for a large percentage of 
the pressure drop in the piping system. With equal 
velocities the magnitude of this pressure drop de¬ 
pends upon the sharpness of the turn. Long radius 
rather than short radius elbows are recommended 
wherever possible. 

When laying out offsets, 45° ells are r ecommended 
over 90° ells wherever possible. See Fig.. 4 

Tees should be installed to prevent “bullheading” 
as illustrated in Fig. 5. “Bullheading” causes tur¬ 
bulence which adds greatly to the pressure drop and 
may also introduce hammering in the line. If more 
than one tee is installed in the line, a straight 
length of 10 pipe diameters between tees is recom¬ 
mended This is done to reduce unnecessary turbu¬ 
lence 

To facilitate erection and servicing, unions and 
flanges are included in the piping system. They are 
installed where equipment and piping accessories 
must be removed for servicing, 

The various methods of joining fittings to the 
piping are described on page 12.. 

GENERAL PURPOSE VALVES 

An important consideration in the design of the 
piping system is the selection of valves that give 
proper performance, long life and low maintenance. 



Fig 3 — Weight Added to Dampen Vibration 
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RECOMMENDED 



ACCEPTABLE 


Fig. 4 - Offsets to Avoid Obstructions 



: N.Q-.L 

' BULLHEAOING*- DO NOT USE 


. N0.3 

PERMISSIBLE 



Fig 5 - I ees 


The design, construction and material of the valve 
determines whether or not it is suited for the partic¬ 
ular application. Table 9 is for quick reference in 
selecting a valve for a particular application There 


are six basic valves which are commonly used in 
piping systems. These are gate, globe, check, angle, 
“Y” and plug cock 


TABLE 9-GENERAL PURPOSE VALVES 


.. •; _T, ' 

WATER 

STEAM T? 

^REFRIGERANT* ; 

VALVE CONSTRUCTION 

A.;'Bonnet and body connection* 

"v: li -Threaded 

Z Union 

3 Bolted .. isT i. ...... 

4 Welded 

' Satisfactory 

Satisfactory 
" Satisfactory 

Satisfactory 

Satisfactory 

T V : 

Satisfactory (Low Press) 
Satisfactory . 

Satisfactory 7 , .--...V-.:T.77;; : -7 

Satisfactory (High Press) J,. 7; 

- Satisfactory , : • 

7 V Not Recommended 

M - Not Recommended 
-7 S a ti sf a dory ‘ >' 

,.T Satisfactory • 

7\- Satisfactory 

B. Valve stem, operatibh y'- : 

1.. Rising stem, outside screw 

2. Rising stem, inside screw 

3, Non-rising stem, inside screw 

Satisfactory 

Satisfactory 

Satisfactory 

(non-corrosive brines] 

. Satisfactory 

• ■ 7>777: VzS: v'■ fc‘7' 

■'y ' V ‘.'L' .T . • . 7 •>:?•*■ ... 

: . Satisfactory 7-- . 

- Satisfactory 7 

r .. Not Recommended ... 77 . ? j 

7 Satisfactory £>..■ .7*7 '■ 

Tv. Satisfactory ' $• 

7 : i Satisfactory 

Not Recommended 

$;Not Recommended 

C Valve connections to pipe 

1.. Screwed 

2 Welded 

3. Brazed 

4, Soldered 

5.. Flared 

6 .. Fianged 

Satisfactory 

Satisfactory 

Satisfactory 

Satisfactory 

Satisfactory 

Satisfactory 

(non-corrosive brines) 

' Satisfactory 

Satisfactory ’ ' 

Satisfactory (Low Temp) 7 
Satisfactory (low Temp) 
Satisfactory =■; . 

Satisfactory 

• Not Recommended 
.' Recommended 
Recommended 
i, Satisfactory 

Satisfactory 

Satisfactory 

DISC CONSTRUCTION "V 

Gate Valve 

1. Solid wedge 

2, Split wedge 

3, Flexible wedge 

4. Double disc, parallel seat 

Satisfactory 

Satisfactory 

Satisfactory 

Satisfactory 

Satisfactory 

Satisfactory - ?; ; 
Recommended :•. 

Not Recommended 7-' ; 7'~ 

Not Recommended 
j Not Recommended 

Not Recommended 

Not Recommended 

Globe, Angle, “Y” Valve 

1.. Plug disc 

2 Conventional (Narrow-seat) 

3.. Needle valve 

4. Composition disc 

Satisfactory 

Satisfactory 

Satisfactory 

Satisfactory 

Satisfactory : ’ .... 

Not Recommended *• ' 

Satisfactory 

Satisfactory (Low Press) 

7 Satisfactory 
-7 Satisfactory 

Satisfactory 

Satisfactory 

Plug Cock Valve 

Satisfactory 

Satisfactory 

Not Recommended 


*For Refrigerants 12, 22, 500 and 502 only 
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Each valve has a definite purpose in the control 
of fluids in the system 

Before discussing the various valve types, the 
construction details that are similar in all of the 
valves are presented These construction details are 
made available to familiarize the engineer with the 
var ious aspects of valve selection 

VALVE CONSTRUCTION DETAILS 

Bonnet and Body Connections 

The bonnet and body connections are normally 
made in five different designs, namely threaded, 
union, bolted, welded and pressure seal. Each de 
sign has its own particular use and advantage 

1„ Threaded bonnets are recommended for low 
pressure service. They should not be used in a 
piping system where there may be frequent 
dismantling and reassembly of the valve, or 
where vibration, shock, and other severe con¬ 
ditions may strain and distort the valve body 
Threaded bonnets are economical and very 
compact, Fig 6 illustrates a threaded or 
sciewed-in bonnet and body connection in an 
angle valve 

2, Union bonnet and body construction is il¬ 
lustrated in Fig, 7 This type of bonnet is nor¬ 
mally not made in sizes above 2 in. because it 
would require an extremely large wrench to 
dismantle A union bonnet connection makes 
a sturdy, tight joint and is easily dismantled 
and reassembled 




Fig 7 — Globe Valve 

3 Bolted bonnets are used on practically all large 
size valves; they are also available for small 
sizes, This type of joint is readily taken apart 
or reassembled. The bolted bonnet is practical 
for high working pressure and is of rugged, 
sturdy construction Fig 8 is a gate valve il¬ 
lustrating a typical bolted bonnet and body 
valve construction 

4 Welded bonnets are used on small size steel 
valves only, and then usually for high pressure, 
high temperature steam service (Fig,. P).. Welded 
bonnet construction is difficult to dismantle 



Fig 8 - Gate Valve (Rising Stem) 

Figures 6-10, courtesy of Crane Co 


Fig.. 6 — Angle Valve 
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BOLTED 

GLAND 


BONNET 


Fig 9 — Welded Bonnet Construction 

and reassemble For this reason these valves 
are not available in larger sizes. 

5 Pressure-seal bonnets are for high temperature 
steam Pig 10 illustrates a pressure-seal bonnet 
and body construction used on a gate valve 
Internal pressure keeps the bonnet joint tight. 
This type of bonnet construction simplifies 
“making” and "breaking” the bonnet joint in 
large high pressure valves 


RISING STEM 
(OUTSIDE SCREW) 


FLEXIBLE WEDGE 
DISC 


ANDWHEEL 
( DOES NOT RISE WITH STEM) 



Fig.. 10 — Flexible Wedge Disc (Gate Valve) 


Valve Stem Operation 

In most applications the type of stem operation 
does not affect fluid control.. However, stem con¬ 
struction may be important where the need for in¬ 
dication of valve position is r equired or where head 
room is critical There are four types of stem con¬ 
struction: rising stem with outside screw; rising 
stem with inside screw; non-rising stem with inside 
screw; and sliding stem (quick opening). 

1 Rising stem with outside screw is shown in 
Fig 8 The gate valve illustrated in this figure 
has the stem threads outside of the valve body 
in both the open and closed position Stem 
threads are, therefore, not subject to corrosion, 
erosion, sediment, and galling from extreme 
temperature changes caused by elements in the 
line fluid flow However, since the valve stem 
is outside the valve body, it is subject to dam¬ 
age when the valve is open This type of stem 
is well suited to steam and high temperature, 
high pressure water service A rising stem re¬ 
quires more headroom than a non-rising stem. 
The position of the stem indicates the position 
of the valve disc The stem can be easily lubri¬ 
cated since it is outside the valve body 



2 Rising stem with inside screw is probably the 
most common type found in the smaller size 
valves This type of stem is illustrated in an 
angle valve in Fig 6 , and in a globe valve in 
Fig. 7 The stem turns and rises on threads 
inside the valve body, The position of the stem 
also indicates position of the valve disc. The 
stem extends beyond the bonnet when the 
valve is open and, therefore, requires more 
headroom In addition it is subject to damage. 

3 Non-rising stem with inside screw is generally 
used on gate valves. It is undesirable for use 
with fluids that may corrode or erode the 
threads since the stem is in the path of flow. 
Fig 11 shows a gate valve that has a non-rising 
stem with the threads inside the valve body 
The non-rising stem feature makes the valve 
ideally suited to applications where headroom 
is limited, Also, the stem cannot be easily dam¬ 
aged The valve disc position is not indicated 
with this stem. 

4 Sliding stem (quick opening) is useful where 
quick opening and closing is desirable A lever 
and sliding stem is used which is suitable for 
both manual or power operation as illustrated 
in Fig 12. The handwheel and stem threads 
are eliminated 


Air Conditianinsr Company 
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Fig 11 — Gate Valve (Non Rising Stem) 

Pipe Ends and Valve Connections 

It is important to specify the proper end connec¬ 
tion for valves and fittings There are six standard 
methods of joints available These are screwed, 
welded, brazed, soldered, flared, and flanged ends, 
and are described in the following: 

1 Screwed ends are widely used and are suited 
for all pressures To remove scr ewed end valves 



Fig, 12 — Sliding Stem Gate Valve 


and fittings fr om the line, extra fittings (unions) 
are required to avoid dismantling a consider¬ 
able portion of the piping Screwed end con¬ 
nections are normally confined to smaller pipe 
sizes since it is more difficult to make up the 
screwed joint on large pipe sizes.. Fig 7 is a 
globe valve with screwed ends that connect to 
pipe or other fittings 

2. Welded ends are available for steel pipe, fit¬ 
tings, and valves. They are used widely for all 
fitting connections, but for valves they are 
used mainly for high temperature and high 
pressure services They are also used where a 
tight, leak-proof connection is required over 
a long period of time. The welded ends are 
available in two designs, butt weld or socket 
weld Butt weld valves and fittings come in A 
sizes; socket weld ends are usually limited to 
the smaller size valves and fittings rig. 10 
illustrates a gate valve with ends suitable for 
welding. 

3 Biazed ends are designed for brazing alloys 
This type of joint is similar to the solder joint 
but can withstand higher temperature service 
because of the higher melting point of the 
brazing alloy, Brazing joints are used princi¬ 
pally on brass valves and fittings 

4 Soldered ends for valve and fitting are re¬ 
stricted to copper pipe and also for low pressure 
service, The use of this type of joint for high 
temperature service is limited because of the 
low melting point of the solder 

5. flared end connections for valves and fittings 
are commonly used on metal and plastic tub¬ 
ing This type of connection is limited to pipe 
sizes up to 2 in. Flared connections have the 
advantage of being easily removed from the 
piping system at any time. 

6 flanged ends are higher in first cost than any 
of the other end connections The installation 
cost is also greater because companion flanges, 
gaskets, nuts and bolts must be provided and 
installed Flanged end connections, although 
made in small sizes, are generally used in 
larger size piping because they are easy to 
assemble and take down. It is very important 
to have matching flange facing for valves and 
fittings. Some of the common flange facings are 
plain face, raised face, male and female joint, 
tongue and groove joint, and a ring joint. 
Flange facings should never be mixed in mak¬ 
ing up a joint. Fig 8 illustrates a gate valve 
with a flanged end 
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GATE VALVES 

A gate valve is intended foi use as a stop valve. 
It gives the best service when used in the fully open 
or closed position Figures 8 and 10 thru Id are typi¬ 
cal gate valves commonly used in piping practice. 

An important feature of the gate valve is that 
there is less obstruction and tuibulence within 
the valve and, therefore, a correspondingly lower 
pressure drop than other valves With the valve 
wide open, the wedge or disc is lifted entirely out 
of the fluid stream, thus providing a straight flow 
area thru the valve.. 

Disc Construction 

Gate valves should not be used for throttling flow 
except in an emergency They are not designed for 
this type of service and consequently it is difficult 
to control flow with any degree of accuracy Vibra¬ 
tion and chattering of the disc occurs when the valve 
is used for throttling This results in damage to the 
seating surface Also, the lower edge of the disc may 
be subject to severe wire drawing effects. The wedge 
or disc in the gate valve is available in several 
forms: solid wedge, split wedge, flexible wedge, and 
double disc parallel seat., These are described in the 
following: 

1 Solid wedge disc is the most common type It 
has a strong, simple design and only one part. 
This type of disc is shown in Figs 8 and 11. It 
can be installed in any position without danger 
of jamming or misalignment of parts.. It is sat¬ 
isfactory for all types of service except where 
the possibility of extreme temperature changes 
exist Under this condition it is subject to 
sticking. 

2 Split wedge disc is designed to prevent stick¬ 
ing, but it is subject to undesirable vibration 
intensity, Fig.. 13 is a typical illustration of this 
type of disc 

3 Flexible wedge disc construction is illustrated 
in Fig 10 This type of disc is primarily used 
for high temperature, high pressure applica¬ 
tions and where extreme temperature changes 
are likely to occur, It is solid in the center 
portion and flexible around the outer edge : 
This design helps to eliminate sticking and 
permits the disc to open easily under all con¬ 
ditions 

4 Double disc parallel seat (Fig 14) has an in¬ 
ternal wedge between parallel discs. Wedge 
action damage at the seats is minimized and 
transferred to the internal wedge where rea¬ 
sonable wear does not prevent tight closure. 




Fig 13 — Splii Wedge Disc (Gate Vaive) 

The parallel sliding motion of the discs tends 
to clean the seating surfaces and prevents 
foreign material from being wedged between 
disc and seat 

Since the discs are loosely supported except 
when wedged closed, this design is subject to 
vibration of the disc assembly parts when par¬ 
tially open 



Fig 14 — Double Disc Parallel Seat 
(Gate Val.ve) 

Figures II 14 courtesy of Crane Co. 
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When used in steam service, the closed valve 
may trap steam between the discs where it con¬ 
denses and creates a vacuum This may result 
in leakage at the valve seats 

GLOBE, ANGLE AND “Y" VALVES 

These three valves are of the same basic design, 
use and construction. They are primarily intended 
for throttling service and give close regulation of 
flow The method of valve seating reduces wire 
drawing and seat erosion which is prevalent in gate 
valves when used for throttling service 

The angle or “Y” valve pattern is recommended 
for full flow service since it has a substantially 
lower pressur e drop at this condition than the globe 
valve Another advantage of the angle valve is that 
it can be located to replace an elbow, thus elimi¬ 
nating one fitting, 

fig 7, page 10, is a typical illustration of a globe 
valve, and Fig 6, page 10, shows an angle valve The 
“Y” valve is illustrated in Fig , 15 

Globe, angle and “Y” valves can be opened or 
closed substantially faster than a gate valve because 
of the shorter lift of the disc When valves are to 
be operated frequently or continuously, the globe 
valve provides the more convenient operation The 
seating surfaces of the globe, angle or “Y” valve 
are less subject to wear and the discs and seats are 
more easily replaced than on the gate valve. 

Disc Construction 

There are several different disc and seating ar¬ 
rangements for globe, angle and “Y” valves, each of 
which has its own use and advantage. The different 
types are plug disc, narrow seat (or conventional 
disc), needle valve, and composition disc. 

1 The plug disc has a wide bearing surface on a 
long, tapered disc and matching seat This type 
of construction offers the greatest resistance to 
the cutting effects of dirt, scale and other 
foreign matter. The plug type disc is ideal for 
the toughest flow control service such as throt¬ 
tling, drip and drain lines, blow-off, and boiler 
feed lines It is available in a wide variety of 
pressure temperature ranges Fig.. 7, page 10, 
shows a plug disc seating arrangement in a 
globe valve. 

2 Narrow seat (or conventional disc) is illustrated 
in an angle valve in Fig. 6 This type of disc 
does not resist wire drawing or erosion in 
closely throttled high velocity flow It is also 
subject to erosion from hard particles The 
narrow seat disc design is not applicable for 
close throttling 



Courtesy of Jenkins Bros 

Fig 15 - “Y” Valve 

3 Needle valves, sometimes referred to as expin.. 
sion valves, are designed to give fine control of 
flow in small diameter piping; The disc is 
normally an integral part of the stem and has 
a sharp point which fits into the reduced area 
seat opening. Fig. 16 is an angle valve with 
a needle type seating arr angement 

4 Composition disc is adaptable to many services 
by simply changing the material of the disc. 
It has the advantage of being able to seat tight 
with less power than the metal type discs. It is 
also less likely to be damaged by dir t or foreign 
material than the metal disc A composition 
disc is suitable to all moderate pressure services 
but not for close regulating and throttling,. 
Fig 15 shows a composition disc in a “Y” valve. 
This type of seating design is also illustrated 
in Fig 19 in a swing check valve and in Fig 20 
in a lift check valve. 



FLOW 


Jig 16 - Angle Valve With Needle Disc 
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PLUG COCKS 

Plug cocks are primarily used for balancing in a 
piping system not subject to frequent changes in 
flow. They are normally less expensive than globe 
type valves and the setting cannot be tampered with 
as easily as a globe valve 

Plug cocks have approximately the same line loss 
as a gate valve when in the fully open position. 
When partially closed for balancing, this line loss 
increases substantially Fig. 17 is a lubricated type 
plug valve.. 

REFRIGERANT VALVES 

Refrigerant valves are back-seating globe valves 
of either the packed or diaphragm packless type 
T he packed valves are available with either a hand 
wheel or a wing type seal cap. The wing type seal 
cap is preferable since it provides the safety of an 
additional seal. 

Where frequent operation of the valve is re¬ 
quired, the diaphragm packless type is used The 
diaphragm acts as a seal and is illustrated in the 
‘V” valve construction in Fig 18 The refrigerant 
valve is available in sizes up to ]$/ H in OD Tor 
larger sizes the seal cap type packed valve is used 

CHECK VALVES 

There are two basic designs of check valves, the 
swing check and the lift check 

The swing check valve may be used in a hori¬ 
zontal or a vertical line for upward flow A typical 
swing check valve is illustrated in Fig. 19. The flow' 
thru the swing check is in a straight line and with¬ 
out restriction at the seat. Swing checks are gen¬ 
erally used in combination with gate valves 



Courtesy of Walworth Co 

Tic 1 7 — Plug Cock 



Fig. 18 - ‘ Y” Valve (Diaphragm Type) 



BOLTED 


FLOW 


FLANGED 


ENDS 


DISC 


Fig 19 - Swing Check Valve 



Fig. 20 — Lift Check Valve 

The lift check operates in a manner similar to 
that of a globe valve and, like the globe valve, its 
flow is restricted as illustrated in Fig 20 The disc 
is seated by backflow or by gravity w'hen there is no 
flow, and is free to rise and fall, depending on the 
pressure under it The lift check should only be 
installed in horizontal pipe lines and usually in 
combination with globe, angle and “Y” valves. 

Figures 16, 18-20. courtesy of Crane Co 
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SPECIAL SERVICE VALVES 

There are several types of valves commonly used 
in different piping applications that do not neces¬ 
sarily fall into the classification of general purpose 
valves. Expansion, relief, and solenoid valves are 
some of the more common special purpose valves 

A relief valve is held closed by a spring or some 
other means and is designed to automatically relieve 
the line or container pressure in excess of its setting. 
In general a r elief valve should be installed wherever 
there is any danger of the fluid pressure rising above 
the design working pressure of the pipe fittings 
or pressure vessels 
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VALVE AND FITTING PRESSURE LOSSES 

To properly design any type of piping system 
conveying a fluid, the losses thru the valves and 
fittings in the system must be r ealistically evaluated 
Tables have been prepared for determining these 
losses in terms of equivalent length of pipe These 
values are then used with the correct friction chart 
for the particular fluid flowing thru the system 
Table 10 gives valve losses with screwed, flanged, 
flared, welded, soldered, or brazed connections 

Table 11 gives fitting losses with screwed, flanged, 
flared, welded, soldered, or brazed connections. 

Table 12 lists the losses for special types of fittings 
sometimes encountered in piping applications. 


TABLE TO—VALVE LOSSES IN EQUIVALENT FEET OF PIPE* 


Screwed, Welded, Flanged, and Flared Connections 



fThese losses do not apply to valves with needle point type seats, 
flosses also apply to the in-line, ball type check valve 

**For ”Y" pattern globe lift check valve with seat approximately equal to the nominal pipe diameter, use values of 60° "Y" valve for loss, 
ft Regular and short pattern plug cock valves, when fully open, have same loss as gate valve. For valve losses of short pattern plug cocks above 
6 ins. check manufacturer. 

JfFor .045 thru 3/]6 in perforations with screens 50% clogged, loss is doubled. 
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TABLE 11 — FITTING LOSSES IN EQUIVALENT FEET OF PIPE 

Screwed, Welded, Flanged, Flared, and Brazed Connections 
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TABLE 12—SPECIAL FITTING LOSSES IN EQUIVALENT FEET OF PIPE 
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CHAPTER 2. WATER PIPING 


This chapter presents the principles and cur¬ 
rently accepted design techniques for water piping 
systems used in air conditioning applications It also 
includes the various piping arrangements for air- 
conditioning equipment and the standard accessor ies 
found in most water piping systems 

The principles and techniques described are 
applicable to chilled water and hot water heating 
systems General piping principles and techniques 
are described in Chapter 1 . 

WATER PIPING SYSTEMS 
Once-Thru and Recirculating 

The water piping systems discussed here are di¬ 
vided into once-thru and recirculating types. In a 
once-thru system water passes thru the equipment 
only once and is discharged In a recirculating sys 
tem water is not discharged, but flows in a repeating 
circuit fr om the heat exchanger to the refrigeration 
equipment and back to the heat exchanger 

Open and Closed 

The recirculating system may be classified as open 
or closed, An open system is one in which the water 
flows into a reservoir open to the atmosphere; cool¬ 
ing towers, air washers and collecting tanks are 
examples of reservoirs open to the atmosphere. A 
closed system is one in which the flow of water is 
not exposed to the atmosphere at any point This 
system usually contains an expansion tank that is 
open to the atmosphere but the water area exposed 
is insignificant. 

Water Return Arrangements 

The recirculating system is further classified ac¬ 
cording to water return arrangements When two 
or more units of a closed system are piped together, 
one of the following piping arrangements may be 
used: 

1 Reverse return piping. 

2 Reverse return header with direct return risers 

S Direct return piping,. 

If the units have the same or nearly the same 
pressure drop thru them, one of the reverse return 
methods of piping is recommended However, if the 
units have different pressure drops or require bal¬ 
ancing valves, then it is usually more economical 
to use a direct return. 

Reverse return piping is recommended for- most 
closed piping applications. It is often the most 


economical design on new construction. The length 
of the water circuit thru the supply and return 
piping is the same for all units Since the water cir¬ 
cuits are equal for each unit, the major advantage 
of a reverse return system is that it seldom requires 
balancing Fig 21 is a schematic sketch of this system 
with units piped horizontally and vertically. 

There are installations where it is both inconveni¬ 
ent and economically unsound to use a complete 
reverse r eturn water piping system This sometimes 
exists in a building where the first floor has previ¬ 
ously been air conditioned. To avoid disturbing the 
first floor occupants, reverse return headers are lo¬ 
cated at the top of the building and direct return 
risers to the units are used. Fig. 22 illustrates a 
reverse return header and direct return riser piping 
system 

In this system the flow rate is not equal for all 
units on a direct return riser . The difference in flow 
rate depends on the design pressure drop of the 
supply and return riser This difference can be re¬ 
duced to practical limits The pressure drop across 
the riser includes the following: (1) the loss thru the 
supply and return runouts from the riser to the unit, 
(2) the loss thru the unit itself, and (3) the loss thru 



Fig. 21 — Reverse Return Piping 
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Pig. 22 - Reverse Return Headers with Direci 
Return Risers 


the fittings and valves. Excessive unbalance in the 
direct supply and return portion of the piping sys¬ 
tem may dictate the need for balancing valves or 
orifices. 

To eliminate balancing valves, design the supply 
and return pressure drop equal to one-fourth the 
sum of the pressure drops of the preceding Items 
1,2 and 3 

Dir ect return piping is necessary for open piping 
systems and is recommended for some closed piping 
systems A reverse return arrangement on an open 
system r equires piping that is normally unnecessary, 
since the same atmospheric conditions exist at all 
open points of the system A direct return is recom- 






F IG 23 — Direct Return Water Piping System 


mended for a closed recirculating system where all 
the units require balancing valves and have different 
pressure drops. Several fan-coil units piped together 
and requiring different water flow rates, capacities 
and pressure drops is an example of this type of 
system 

The direct return piping system is inherently 
unbalanced and requires balancing valves or or ifices, 
and pr ovisions to measur e the pressure drop in order 
to meter the water flow Although material costs are 
lower in this system than in the two reverse return 
systems, engineering cost and balancing time often 
offset this advantage. Fig 23 illustrates units piped, 
vertically and horizontally to a direct return 

CODES AND REGULATIONS 

All applicable codes and regulations should be 
checked to determine acceptable piping practice for 
the particular application. Sometimes these codes 
and regulations dictate piping design, limit the 
pressure, or qualify the selection of materials and 
equipment. 

WATER CONDITIONING 

Normally all water piping systems must have ade¬ 
quate treatment to protect the various components 
against corrosion, scale, slime and algae. Water treat¬ 
ment should always be under the supervision of a 
water conditioning specialist Periodic inspection of 
the water is required to maintain suitable quality 
Part 3 of this manual contains a discussion of the 
various aspects of water conditioning including 
cause, effect and remedies for corrosion, scale, slime 
and algae. 

WATER PIPING DESIGN 

There is a friction loss in any pipe thru which 
water is flowing This loss depends on the following 
factors: 

1. Water velocity 3 Interior surface roughness 

2.. Pipe diameter 4. Pipe length 

System pressure has no effect on the head loss of 
the equipment in the system However, higher than 
normal system pressures may dictate the use of 
heavier pipe, fittings and valves along with specially 
designed equipment. 

To properly design a water piping system, the 
engineer must evaluate not only the pipe friction 
loss but the loss thru valves, fittings and other equip¬ 
ment. In addition to these friction losses, the use 
of diversity in reducing the water quantity and 
pipe size is to be considered in designing the water 
piping system 
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PIPE FRICTION LOSS 

The pipe friction loss in a system depends on 
water velocity, pipe diameter, interior surface rough¬ 
ness and pipe length Varying any one of these fac¬ 
tors influences the total friction loss in the pipe 

Most air conditioning applications use either steel 
pipe or copper tubing in the piping system The fric¬ 
tion loss based on the Darcy-Weisbach formula is 
presented in Charts 3 thru 5 in this chapter. 

Charts 3 and 4 are for Schedule 40 pipe up to 24 
in. in diameter. Chart 3 shows the friction losses for 
closed recirculation piping systems. The friction 
losses in Chart 4 are for open once-thru and for open 
r ecirculation piping systems 

Chart 5 shows friction losses for Types K, L and M 
copper' tubing when used in either open or closed 
water systems. 

These charts show water velocity, pipe or tube 
diameter, and water quantity, in addition to the 
friction rate per 100 ft of equivalent pipe length 
Knowing any two of these factors, the other two can 
be easily determined from the chart. The effect of 
inside roughness of the pipe or tube is considered 
in all these values 

The water quantity is determined from the air 
conditioning load and the water velocity by pre¬ 
determined recommendations These two factors are 
used to establish pipe size and friction rate. 

Charts 3 thru 5 are shaded to indicate velocities 
above 15 fps and friction rates above 10 ft per 100 
ft of length. It is normally good practice not to ex¬ 
ceed these values. 

Water Velocity 

The velocities recommended for water piping 
depend on two conditions: 

1 The ser vice for which the pipe is to be used 

2 The effects of erosion. 

Table 13 lists recommended velocity ranges for 
different services. The design of the water piping 
system is limited by the maximum permissible flow 
velocity. The maximum values listed in Table 13 
are based on established permissible sound levels of 
moving water and entrained air, and on the effects 
of er osion 

Erosion in water piping systems is the impinge¬ 
ment on the inside surface of tube or pipe of rapidly 
moving water containing air bubbles, sand or other 
solid matter. In some cases this may mean complete 
deterioration of the tube or pipe walls, particularly 
on the bottom surface and at the elbows. 

Since erosion is a function of time, water velocity, 
and suspended materials in the water, the selection 
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13—RECOMMENDED WATER VELOCITY 


SERVICE | 

VELOCITY RANGE (fpt) 

Pump discharge 

8 -12 


- •••-• 4-7 

• ' Drain line ; 

■’■4-7 v. ■; 

. V Header ... ?• - 

... 4 - 15 

l Riser -•-? : 

:! ,3-10 

^ ft. . General service . i. 

f ' 55-10, 

;; -f—City water 

r r; ■■ 3 - 7 •>V'" P 


of a design water velocity is a matter of judgment 
The maximum water velocities presented in Table 
14 are based on many years of experience and they 
insure the attainment of optimum equipment life 
under normal conditions. 

Friction Rate 

The design of a water piping system is limited by 
the friction loss Systems using city water must have 
the piping sized so as to provide the required flow 
rate at a pressure loss within the pressure available 
at the city main This pressure or friction loss is to 
include all losses in the system, as condenser pr essure 
drop, pipe and fitting losses, static head, and water 
meter drop The total system pressure drop must be 
less than the city main pressure to have design 
water flow. 

A recirculating system is sized to provide a reason¬ 
able balance between increased pumping horsepower 
due to high friction loss and increased piping first 
cost due to large pipe sizes In large air conditioning 
applications this balance point is often taken as a 
maximum friction rate of 10 ft of water per 100 ft 
of equivalent pipe length 

In the average air conditioning application the 
installed cost of the water piping exceeds the cost 
of the water pumps and motors. The cost of increas¬ 
ing the pipe size of small pipe to reduce the friction 
rate is normally not too great, whereas the installed 
cost increases rapidly when the size of large pipe 
(approximately 4 in. and larger) is increased Smaller 
pipes can be economically sized at lower friction 
rates (increasing the pipe size) than the larger pipes. 
In most applications economic considerations dic¬ 
tate that larger pipe be sized for higher flow rates 



TABLE 14—MAXIMUM WATER VELOCITY 
TO MINIMIZE EROSION 


NORMAL OPERATION 
... j • _ hr/year . i_j .. 

WATER VELOCITY 

1500 

. ’ 15 

: 2000 . 

• ; • 14 

3000 • 

•..13 

• 4000 • j 

12 

r : " 6000 . ; 

- 10 

8000 ' - - 

8 
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CHART 3—FRICTION L05S FOR CLOSED PIPING SYSTEMS 

Schedule 40 Pipe 
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and pressure drops than smaller pipe which is sized 
for lower pressure drops and flow rates. 

Exceptions to this general guide often occur.. For 
example, appearance or physical limitations may 
dictate the use of small pipes This is often done for 
short runs where the total pressure drop is not 
greatly influenced 

Each system should be analyzed separately to 
determine the economic balance between first cost 
(pipe size, pump and motor) and operating cost 
(pressure drop, pump and motor).. 

Pipe Length 

To determine the friction loss in a water piping 
system, the engineer must calculate the straight 
lengths of pipe and evaluate the additional equiva¬ 
lent lengths of pipe due to fittings, valves and other 
elements in the piping system. Tables 10,11 and 12 
give the additional equivalent lengths of pipe for 
these various components The straight length of 
pipe is measured to the centerline of all fittings and 
valves (Fig 24). The equivalent length of the com¬ 
ponents must be added to this straight length of 
pipe 

WATER PIPING DIVERSITY 

When the air conditioning load is determined for 
each exposure of a building, it is assumed that the 
exposure is at peak load Since the sun load is at 
a maximum on one exposure at a time, not all of 
the units on all the exposures require maximum 
water flow at the same time to handle the cooling 
load Units on the same exposure normally require 
maximum flow at the same time; units on the 
adjoining or opposite exposures do not.. Therefore, 
if the individual units are automatically controlled 
to vary the water quantity, the system water quantity 
actually required during normal operation is less 
than the total water quantity required for the peak 
design conditions for all the exposures. Good engi¬ 
neering design dictates that the water piping and 
the pump be sized for this reduced water quantity. 

The principle of diversity allows the engineer to 
evaluate and calculate the reduced water quantity. 
In all water piping systems two conditions must be 
satisfied before diversity can be applied: 

1 The water flow to the units must be auto¬ 
matically controlled to compensate for varying 
loads. 

2. Diversity may only be applied to piping that 
supplies units on more than one exposure 

Figure 25 is a typical illustration of a header lay¬ 
out to which diversity may be applied. In this il- 



Fig 24 — Pipe Length Measurement 


lustration the header piping supplies all four 
exposures Assuming that the units supplied are 
automatically controlled, diversity is applied to the 
west, south and east exposures only The last leg or 
exposure is never reduced in water quantity or pipe 
size since it requires full flow at some time during 
operation to meet design conditions 

Figure 26 illustrates another layout where diver¬ 
sity may be used to reduce pipe size and pump 
capacity. In this illustration diversity may be applied 
to the vertical supply and return headers and also to 
the supply and return branch headers at each floor. 
Diversity is not applied to pipe section 7-8 of both 
the supply and return vertical headers., In addition 


pfpia : • 

?*?• 

;.:1. N 

. .. 

Iff 

m 



% 

! ' | | •;. ] 

,j | „ | A 




A 

p : 

- # - ' fc* i . ’■ 

. ■* '*’ • so 

y- . 


■#; 


— 








y., 




ivy 

w 



PLAN VIEW. 

‘v «-.*■■ 


E £ 


— 


r*.''-'.‘s V'■ • 


rSv 

ipi 


— 








1 

I I I I 

1 




s 


Fig 25 - Header Piping 


Air CoadStioaiasr Company 





3-26 


PART 3. PIPING DESIGN 



Fig 26 — Horizontal Water Piping Layout 

the south leg of the return piping and the west leg 
of the supply piping on each floor must be full size 
In any water piping system with automatically 
controlled units, the water requirements and pump 
head pressure varies This is true whether or not 
diversity is applied However the water requirements 
and pump head vary considerably more in a system 
in which diversity is not considered. 

In a system in which diversity is not applied, 
greater emphasis is required for pump controls to 
prevent excessive noise being created by throttling 
valves or excessive water velocities In addition, since 
the system never requires the full water quantity 
for which it is designed, the pump must be either- 
throttled continuously, or bypassed, or reduced in 
size. 

It is good practice, therefore, to take advantage 
of diversity to reduce the pipe size and pump capac¬ 
ity. Chart 6 gives the diversity factors which are 
used in water piping design Example 1 illustrates 
the use of Chart 6. 

Example 1 — Diversity Factors for Wafer Piping Headers 
Given: 

Water piping layout as illustrated in Fig 27 
Find: 

1 Diversity factor to be applied to the water quantity. 

2 Water quantities in header sections 


Solution: 

1. Pump A supplies north and west exposure but diversity 
can be applied to north exposure only The total gpm in 
pump A circuit is 280 gpm and the accumulated gpm 
in the north exposure is 160 gpm. The ratio of accumu¬ 
lated gpm to the total water quantity in the circuit is: 

160 

280 - 57 

Enter Chart 6 at the ratio .57 and read the diversity 
factor 785. 

Pump B circuit has a ratio for the east exposure of: 

120 

' 280 - 43 

Entering Chart 6 at the ratio of .43, the diversity factor 
is read as 725.. 

2 The following table illustrates how the diversity factors 
are applied to the maximum water quantities to obtain 
the design water quantities 



PUMP "A 

" CIRCUIT 



Max 

Diversity 

Factor 

Design 

Section 

Quantity 

(gP™) 

Quantity 

(gpm) 

A-Rl 

280 

..785 

220 

R1-R2 

260 

.785 

204 

R2R3 

240 

785 

188 

R3 R4 

220 

785 

173 

R4R5 

200 

.785 

157 

R5 R6 

180 

785 

141 

R6 R7 

160 

.785 

126 

R7R8 

140 

.785 

(110)120* 

R8 R9 

120 

1 00 

120 

R9-RI0 

100 

1.00 

100 

R10 Rll 

80 

1.00 

80 

R11R12 

60 

1.00 

60 

R12-R13 

40 

1 00 

40 

R13RI4 

20 

1.00 

20 



PUMP “B 

’’ CIRCUIT 



Max 

Diversity 

Factor 

Design 

Section 

Quantity 

(gP m ) 

Quantity 

(gP m ) 

B R28 

280 

.725 

203 

R28-R27 

260 

.725 

188 

R27-R26 

240 

725 

174 

R26 R25 i 

220 

725 

160 

R25-R24 

200 

.725 

(145)160* 

R24-R23 

180 

.725 

(130) 160* 

R23R22 

160 

1 00 

160 

R22-R21 

140 

1.00 

140 

R21-R20 

120 

3 00 

120 

R20 R19 

100 

1.00 

100 

R19R18 

80 

1.00 

80 

R18R17 

60 

1.00 

60 

R17-R16 

40 

1 00 

40 

R16R15 

20 

1.00 

20 


•When applying diversity, the design water quantity in 
the last section of the exposure is usually less than the 
water quantity in the first section on the adjoining ex¬ 
posure When this occurs, the water quantity in the last 
section or last two sections is increased to equal the 
water quantity in the first section of the next exposure. 
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Example 3 is the same piping layout but diversity 
is used to size the header. 


Pig. 27 — Supply Water Header 
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Pig, 28 — Supply Header Pipe Sizing 


Example 2 — Sizing Header Using No Diversity 
Given: 

A building with a closed recirculation water piping system 
using a horizontal header and vertical risers as illustrated 
in Fig 28 

Maximum flow to each riser — 20 gpm 
Schedule 40 pipe and fittings 


Elbows, R/D -1 

Expected length of operation — 6000 hours 
Find: 

1 Design header water velocity 

2 Water quantity for pump selection 

3 Header pipe size and pump friction head 

Solution: 

1 Design water velocity for sizing the headers is determined 
from Tables 13 and. 14. 

Maximum water velocity — 7 fps 

2 Maximum water quantity required when no diversity 
is applied is 360 gpm. Pump is selected for 360 gpm 

3 The table below gives the header pipe sizes and pump 
friction head when no diversity is applied 

Example 3 — Sizing Header Using Diversity 
Given: 

Same piping layout as in Example 2 and fig. 28 
Maximum flow to each riser — 20 gpm 
Schedule 40 pipe and fittings 
Elbows, R/D = 1 

Expected length of operation — 6000 hours 
Maximum design velocity — 7 fps (Example 2) 

Find: 

1 Diversity factor for each exposure 

2 Design gpm for each header section 

3 Water quantity for pump selection 

4 Header pipe size and pump friction head 


HEADER 

SECTION 

WATER 

QUAN¬ 

TITY 

, (gpm) 

PIPE 

SIZEf 

(in) 

LENGTH 

BETWEEN 

TAKE¬ 

OFFS 

(ft) 

FITTINGS 

FITTING 

EQUIV¬ 

ALENT 

LENGTH* 

(ft) 

TOTAL 

EQUIV¬ 

ALENT 

LENGTH 

(ft) 

FRICTION 
LOSSf 
(ft of water 
per 100 
equiv ft) 

FRICTION 

HEAD 

(ft of water) 

To R1 

360 

5 

27 

2ells 

26 

53 0 

23 

1 22 

R1-R2 

340 

5 

18 

1-tee 

8 2 

262 

20 

.53 

R2-R3 

320 

5 

20 

1 tee 

82 

282 

18 

.51 

R3R4 

300 

5 

20 

1 tee 

82 

28 2 

1 6 

45 

R4R5 

280 

4 

20 

1 red. tee 

12.0 

32.0 

4.4 

1.41 

R5-R6 

260 

4 

8 

I-tee 

6.7 








1 ell 

10 0 

24 7 

38 

94 

R6R7 

240 

4 

20 

I tee 

67 

26 7 

32 

85 

R7-R8 

220 

4 

20 

1 tee 

67 

26 7 

2.7 

72 

R8R9 

200 

4 

20 

1-tee 

6.7 

26.7 

2.3 

.62 

R9-R10 

180 

4 

8 

1-tee 

67 








1 -ell 

6.0 

20 7 

2 1 

.43 

R10 Rll 

160 

3 

20 

1-red tee 

90 

29 0 

5.5 

1 59 

R11-R12 

140 

3 

20 

1-tee 

5 0 

25 0 

46 

1 15 

RI2-R13 

120 

3. 

20 

1-tee . 

5.0 

25.0 

3.2 

.80 

R13R14 

100 

3 

20 

1 - tee 

50 

25 0 

2.5 

63 

R14R15 

80 

3 

8 

1-tee 

5 0 








I ell 

75 

20 5 

1 6 

.33 

R15R16 

60 

2 

20 

1 -red tee 

70 

27.0 

6.8 

1 84 

R16 R17 

40 

2 

20 

I tee 

33 

23.3 

32 

.75 

R17-R18. 

20 

l \4 

20 

1 red. tee 

5.0 

25.0 

6.5 

1.62 


Pump friction head| 16 39 


•Fitting losses are determined from Table 11 For reducing tees enter Table 11 at the larger diameter 
fF'riction rate and pipe size are determined from Chart 3 not exceeding the maximum design water velocity (7 fps) 
JPtimp friction head does not include losses for valves strainers, etc, which must be included in the actual design 
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Solution: 

1. Chart 6 is used with the ratio of accumulated gpm in 
the exposure to the total pump gpm, in order to deter ¬ 
mine the diversity factors The following table illustrates 
the method of determining diversity factors (First ex¬ 
posure listed is always first exposure served by pump ) 


EXPO¬ 

SURE 

EXPOSURE 

WATER 

QUANTITY 

(gP m ) 

ACCUM. GPM 

DIVER¬ 

SITY 

FACTOR 

TOTAL 
PUMP GPM 

North 

100 

! 100/360= 28 

.67 

East 

80 

180/360= .50 

76 

South 

100 

280/360= .78 

.89 

West 

80 

360/360= 1.00 

1.00 


2. The diversity factor found in Step 1 is applied to the 
maximum water quantity in each header section to 
establish the design gpm for sizing the header The table 
at right gives the design water quantity for the various 
header sections 

3. The design water quantity required for pump selection 
when diversity is applied is 240 gpm 

4. The design water quantity found in Step 2 is used in 
sizing the header pipe and in establishing the pump 
friction head The table below illustrates the header pipe 
sizing: 


HEADER 

SECTION 

MAXIMUM 

WATER 

QUANTITY 

(gP m ) 

DIVER¬ 

SITY 

FACTOR 

DESIGN 

WATER 

QUANTITY 

(gP m ) 

To R1 

360 


240 

R1-R2 

340 


227 

R2--R3 

320 

.67 

214 

R3-R4 

300 

67 

201 

R4-R5 

280 

.67 

(187)197* 

R5-R6 


IBB 

197 

R6--R7 



182 

R7-R8 



167 

R8--R9 

200 

76 

(152)160* 

R9-RI0 

180 

.89 

160 

R10-R11 

160 

.89 

142 

R11-R12 

140 

89 

124 

R12-R13 

120 

89 

106 

R13-R14 

100 

89 

90 

R14-R15 

80 

1.00 

80 

R15-R16 

60 

1.00 

60 

R16-R17 

40 

1 00 

40 

R17-R18 

20 

1.00 

20 


•When applying diversity, the design water quantity in 
the last section of the exposure is usually less than the 
design water quantity in the first section of the adjoining 
exposure. When this occurs, the water quantity in the 
last section or last two sections is increased to equal the 
water quantity in the first section of the next exposure. 


HEADER 

SECTION 

DESIGN 

WATER 

QUAN¬ 

TITY 

(gpm) 


LENGTH 

BETWEEN 

TAKE¬ 

OFFS 

. (f9 . 

FITTINGS 

FITTING 

EQUIV 

ALENT 

LENGTH* 

(ft) 

TOTAL 

EQUIV¬ 

ALENT 

LENGTH 

(ft). . . 

FRICTION 

LOSS} 

(ft of water 
per 100 
equiv ft) 

FRICTION 

HEAD 

(ft of water) 

To R1 

240 

4 

27 

2-eIIs 


iiKTSllr 

34 


RI-R2 

227 

4 

18 

1-tee 

6.7 


3 0 

74 

R2R3 

214 

4 

20 

1-tee 

6 7 


27 

72 

R3-R4 

201 

4 

20 

1-tee 

67 

26 7 

2 3 

.61 

R4-R5 

197 

4 

20 

1-tee 

6.7 

26.7 

2.3 

.61 

R5-R6 

197 


8 

1-ell 

lllili 








1 tee 


24 7 

2 3 

.57 

R6-R7 

182 


20 

1-tee 


26 7 

2.0 

53 

R7-R8 

167 


20 

1-tee 


26 7 

1 8 

48 

R8-R9 

160 

81 

20 

1 -red. tee 

9.0 

29.0 

5.6 

1.62 

R9--R10 

160 

3 

8 

1-ell 

7 5 








1-tee 

5 0 

20.5 

5.6 

1.15 

R10-R.ll 


3 

20 

1-tee 

5 0 

25.0 

4.5 

1 12 

RI1-RI2 


3 

20 

1-tee 

50 

25.0 

3.5 

87 

R12-R13 

106 

3 

20 

1-tee 

5.0 

25.0 

2.7 

.68 

R13-R14 

90 

3 

20 

1-tee 

5 0 

25.0 


50 

R14-R15 


3 

8 

1-ell 

75 








1-tee 

50 

20 5 

1.6 

33 

R15-R16 

60 

2 

20 

1 -red tee 

7.0 

27 0 

6.8 

3 84 

R36-R17 


2 

20 

1-tee 

33 

23 3 

3.2 

.75 

R17-RI8 

20 | 

Wa 

20 

1 -red. tee 

5.0 

25.0 

6.5 

1.63 


Pump friction head}: 16.35 


•Fitting losses are determined from Table 11 For reducing tee enter Table 11 at the larger diameter 
fFriction rate and pipe si 2 e are determined from Chart 5 with the water velocity not exceeding 7 fps. 

}Pump friction head does not include losses for valves, strainers etc which must be included in the actual design 
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Examples 2 and 3 indicate that the following 
reductions in pipe and fitting size can be made when 
diversity is used: 

L .57 ft of 5 in. pipe replaced with 4 in. pipe. 

2.. 28 ft of 4 in. pipe replaced with 3 in. pipe. 

3.. 8 fitting's reduced 1 size 

In addition the pump can be selected for 240 gpm 
instead of 360 gpm which is approximately a y 3 
reduction Other areas where a reduction in size is 
possible are: 

1. Pipe and fittings in the retur n piping header. 

2 Valves, unions, couplings, strainers and other 
elements located in the supply and return 
headers. 

PUMP SELECTION 

Pumps are selected so that there is no sustained 
rise in pressure when the water flow is throttled. 

- Systems having considerable throttling have the 
pump selected on the flat portion of the "head- 
versus-flow” curve. 

Normally, new installed pipe has less than design 
friction and, therefore, the pump delivers greater 
gpm than design and requires more horsepower.. 
For this reason a centrifugal pump is always selected 
for the calculated pump head without the addition 
of safety factors If the pump is selected for the 
calculated head plus safety factors, the pump must 
handle a larger water quantity. When this occurs 
and provision is not made to throttle or bypass the 
excess water flow, the possibility of pump motor 
overload exists 

Again, if the pump is selected for maximum 
water quantity and diversity is not applied, the 
water flow must be throttled This increases the 
pump head 

SYSTEM ACCESSORIES AND LAYOUT 

This section discusses the function and selection 
of piping accessories and describes piping layout 
techniques for coils, condensers, coolers, air washers, 
cooling towers, pumps and expansion tanks 

ACCESSORIES 
Expansion Tanks 

An expansion tank is used to maintain system 
pressure by allowing the water to expand when the 
water temperature increases, and by providing a 
method of adding water to the system. It is nor¬ 
mally required in a closed system but not in an 
open system; the reservoir in an open system acts 
as the expansion tank.. 


The open and closed expansion tanks are the 
two types used in water piping systems. Open ex¬ 
pansion tanks are open to the atmosphere and are 
located on the suction side of the pump above the 
highest unit in the system, At this location the tank 
provides atmospheric pressure at or above the pump 
suction, thus preventing air leakage into the system.. 
The static head on the pump due to the expansion 
tank must be greater than the friction drop of the 
watei in the pipe from the expansion line con¬ 
nection to the pump suction. In Fig.. 29 the static 
head AB must be greater than the friction loss in 
line AC Adding any accessories such as a strainer 
in line AC increases the friction drop in AC and 
results in raising the height of the expansion tank. 
To keep the height of the tank at a reasonable level, 
accessories should be placed at points 1 and 2 in 
Fig. 29 At these designations the friction loss in 
line AC is not affected 

The following procedure may be used to deter¬ 
mine the capacity of an open expansion tank: 

1 Calculate the volume of w'ater in the piping, 
from Tables 2 and 3, pages 2 and 3. 

2 Calculate the volume of water in the coils and 
heat exchangers 

3 Determine the percent increase in the volume 
of water due to operating at increased tempera¬ 
tures from Table 15. 

4. Expansion tank capacity is equal to the percent 
increase from Table 15 times the total volume 
of w'ater in the system 

The closed expansion tank is used for small or 
residential hot water heating systems and for high 
temperature w'ater systems. Closed expansion tanks 
are not open to the atmosphere and operate above 



Fig. 29 — Strainer Location in Water Piping 
System 
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TABLE 15-EXPANSION OF WATER 

(Above 40 F) 


TEMP 

(F) 

VOLUME 

INCREASE 

(%) 

TEMP 

(F) 

VOLUME 

INCREASE 

<%) 

100 

6 

275 

r 6 8 * 

125 

1 2 

300 

8 3' 

150 

18 

325 

98 

175 

28 

350 

115 :-T_ 

200 

3 5 

375 

'■-.13.0 

225 

4 5 

400 

15.0 

250 

5.6 


- ■ 


atmospheric pressure Air vents must be installed 
in the system to vent the air.. Closed expansion tanks 
are located on the pump suction side of the system 
to permit the pump suction to operate at or near 
constant pressure Locating the expansion tank at 
the pump discharge is usually not satisfactory All 
pr essure changes caused by pump operation are sub¬ 
tracted from the original static pressure If the 
pressure drop below the original static is great 
enough, the system pressure may drop to the boiling 
point, causing unstable water circulation and pos¬ 
sible pump cavitation.. If the system pressure drops 
blow atmospheric, air sucked in at the air vents can 
collect in pockets and stop water circulation 

The capacity of a closed expansion tank is larger 
than an open expansion tank operating under the 
same conditions. ASME has standardized the calcu¬ 
lation of the capacity of closed expansion tanks The 
capacity depends on whether the system is operating 
above or below 160 F water temperature, 

Water temperatures below 160 F use the following 
formula to determine the tank capacity: 

_ £XF, 

Pf Po 

where: V t = minimum capacity of the tank (gallons) 

E — percent increase in the volume of water 
in the system (Table 15). 

V„ = total volume of water in the system 
(gallons). 

P n = pressure in the expansion tank when 
water first enters, usually atmospheric 
pr essure (feet of water absolute) 

P f = initial fill or minimum pressure at the 
expansion tank (feet of water absolute) 
P 0 = maximum operating pressure at the ex¬ 
pansion tank (feet of water absolute).. 

When the system water temperature is between 
160 and 280 F, the following equation is used to 
determine the expansion tank capacity: 


T , (0.00041 t - 0.0466) V s 
P a Pa 
P f Po 

where t = maximum average opei ating temp (F). 
Strainers 

The primary function of a strainer' is to protect 
the equipment. Normally strainers are placed in the 
line at the inlet to pumps; control valves or other 
types of equipment that should be protected against 
damage.. The strainer is selected for the design capac¬ 
ity of the system at the point where it is to be in¬ 
serted in the line. Strainers for pump protection 
should be not less than 40 mesh and be made of 
br onze On equipment other than pumps the manu¬ 
facturer should be contacted to determine the de¬ 
gree of strainer protection necessary. For example, a 
control valve needs greater protection than a pump 
and, therefore, requires a finer mesh strainer. 

Thermometers and Gages 

Thermometers and gages are required in the 
system wherever the design engineer considers it 
important to know the water temperature or pres¬ 
sure The following temperatures and pressures are 
usually considered essential: 

1 Water temperature entering and leaving the 
cooler and condenser 

2 Pump suction and discharge pressure. 

3 Spray water temperature and pressure entering 
the air washer. 

Water thermometers are usually selected for an 
approximate range of 30 F to 200 F; they should be 
equipped with separable wells and located where 
they can be easily read. 

Pressure gages are selected so that the normal 
reading of the gage is near the midpoint of the 
pressure scale 

Air Vents 

Air venting is an impor tant aspect in the design 
of any water system The major portion of the air 
is normally vented thru the open expansion tank. 

Air vents should be installed in the high points 
of any water system which cannot vent back to the 
open expansion tank. Systems using a closed expan¬ 
sion tank require vents at all high points Runoff 
drains should be provided at each vent to carry 
possible water leakage to a suitable drain line 

PIPING LAYOUT 

Each installation has its own problems regarding 
location of equipment, interference with structural 
members, water and drain locations, and provision 


Jlir ContUixoainff Caopuy 
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for service and replacement, The following guides 
are presented to familiarize the engineer with ac¬ 
cepted piping practice: 

1„ Shut-off valves are installed in the entering 
and leaving piping to equipment These are 
normally gate valves This arrangement per¬ 
mits servicing or replacing the equipment 
without draining the entire system Occasion¬ 
ally a globe valve is installed in the system to 
serve as one of the shut-off valves and in addi¬ 
tion is used to balance water flow Most often 
it is located at the pump discharge. In a close 
coupled system the shut-off valves may be 
omitted if the time and expense required to 
drain the system is not excessive-^- This is a 
matter of economics, the first cost of the valves 
versus the cost of new water treatment and 
time spent in draining the system 

2. Systems using screwed, welded or soldered 
joints require unions to permit removal of the 
equipment for servicing or replacement If gate 
valves are used to isolate the equipment in 
the system, unions are placed between the 
equipment and each gate valve Unions are 
also located before and after control valves, 
and in the br anch of a three-way control valve 
It is good practice to locate the control valve 
between the equipment and the gate valve 
used to shut off flow to the equipment This 
permits removal of the control valve from the 
system without draining the system By lo¬ 
cating the control valve properly, it is possible 
to eliminate the unions required for removal 
of the equipment. If the system uses flanged 
valves and fittings, the need for unions is elimi¬ 
nated, 

3. Strainers, thermometers and gages are normally 
located between the equipment and the gate 
valves used to shut off the water flow to the 
equipment, 

The following piping diagrams are illustrated 
with screwed connections. However, flanged, welded 
or soldered connections may be used These layouts 
have been simplified to show various principles 
involved in piping practice 

Water Coils 

Figures 30 thru 36 illustrate typical piping lay¬ 
outs for chilled water coils in a closed piping system 

The coil layout illustrated in Fig 30 contains a 
three-way mixing valve. This valve, located at the 
cooling coil outlet, maintains a desired temperature 
by pr oportioning automatically the amount of water 


flowing thru the coil or thru the bypass. It is regu¬ 
lated by a temperature controller. Gage cocks are 
usually installed in both the supply and retur n lines 
to the coil This permits pressure gages to be con¬ 
nected to determine pressure drop thru the coil 
The plug cock is manually adjusted to set the 
pressure drop thru the coil 
Figure 31 illustrates an alternate method of pip¬ 
ing a water coil The plug cock shown is used to 
adjust manually the water flow for a set pressure 
drop thru the coil The pressure drop is determined 
by connecting pressure gages to the gage cocks. In 
this piping layout control of the leaving air tempera¬ 
ture from the coil is maintained within a required 
r ange since normally the entering water is contr olled 
to a set temperature Often an air bypass around the 
coil is used to maintain final air temperature. 

Figure 32 illustrates a multiple coil arrangement. 
Piping connections for drain and vent lines for the 
coil are included and should be 14 in. nominal pipe 
size The same principles covered in Figs. 30 and 31 
are applicable to multiple coil arrangements, 

A globe valve may be substituted for the plug 
cock and gate valve combination in the return lines 
in Figs 30,31 and 32. In this arrangement the globe 
valve is used to balance the pressure drop thru the 
coil, and also to shut off the water when servicing 
is required However, it has disadvantages that 



NOTE: Flange or union is located so coil may be 
removed 


Fig. 30— Chilled Water Piping for Coils 
(Automatic Control.) 
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should be considered first, the valve setting is 
not fixed and, therefore, can be changed acci¬ 
dentally; secondly, the valve must be reset whenever 
it is used to shut off the flow. 

Capped tees are provided on coils as a means of 
blowing out the water when the system is drained 
for freeze protection, 

The use of a gate valve with a hose bib should be 
considered in the dirt leg when floor drains are re¬ 
mote in relation to the unit. The bib makes it 
possible to connect a hose to the dirt leg for draining 
the coil. The dirt leg has a 7/ g in nominal minimum 
diameter, should be approximately 18 in. long and 
be located at an accessible servicing point.. A gate 
valve is preferred in the dirt leg because sediment 
passes thru it more freely than thru a globe valve 

Figure 33 illustrates multiple coil units piped 
with vertical risers This is a common approach to 
air conditioning multi-room, multi-story buildings. 
The units are connected to common supply and re¬ 
turn risers which pass thru the floors of the building 
A dirt leg is required at the bottom of each riser 
as shown in Fig 33 

Gate valves are recommended as illustrated to 
permit servicing without disturbing the remainder 
of the system. On very small systems these valves 
may be omitted 


PLUS COCK- 


VENT COCK 


GATE 

VALVE 


RETURN 


THERMOMETER 
WELL ' 


SUPPLY 


r VENT 

LINE-^I 


-DIRT LEG 
<|‘MIN >'i 


GAGE 

COCK; 


■ GATE VALVE 
OPTIONAL 


GATE VALVE 


DRAIN LINE 


iPTIONAL 


NOTES: I. ; • 

1 Plug cock is used to adjust pressure drop thru coil 

2 All valves shown are gate valves." ^ v " 


Fig 32 — Chilled Water Piping for 
Multiple Coils 
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GATE VALVE 


RUNOUT. 
.(NOTE 2 ) 


PLUG COCK 


TO CHILLED 
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GATE VALVE 
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(NOTED / 


SUPPLY 


COIL 


DIRT LEG 


GATE VALVE WITH HOSE BIS . /lC: »$' i' .r 

NOTES: .;-W 

1 Headers are pitched upward in the direction of 

water flow so that’air can be vented thru the ex¬ 
pansion tank ' . ! : A 

2 Supply and return runouts to the coil should have 
flared connections if runouts are soft copper Other¬ 
wise unions or flanges are installed to facilitate serv¬ 
icing units 


CAPS FOR BLOWOUT 


NOTES: 

1 Flange or union is located so coil may be removed 
2. Plug cock is used for adjusting flow thru coil 


Fig. 33 — Piping Layout for Vertical 
Multiple Coils 


Fig 31 — Chilled Water Piping for Coils 
(Manual Control) 
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Figures 34, 35 and 36 show typical piping layouts 
for multiple units in a horizontal installation.. The 
principle difference in the three systems is the num¬ 
ber of shut-off valves (gate) and take-offs from the 
header. Since the header is located under the floor, 
each take off must pass thru the floor.. Therefore, it 
is a matter of economics to determine the number of 
shut-off valves required for servicing Fig. 35 shows 
the minimum number of valves that may be used, 
and Fig. 36 shows valves at each unit.. 

Cooler 

A typical chilled water piping diagram for a 
water cooler is illustr ated in Fig. 37 

In a close coupled system most of the gate valves 
can be omitted If they are omitted, all of the water 
is drained from the system thru the drain valve 
when a component requires servicing In an ex¬ 
tensive piping system the gate valves are used to 
isolate the equipment requiring servicing or re¬ 
placement, 

' Figuie 37 illustrates the recommended water pip¬ 
ing and accessories associated with a cooler 



■ y; 3ifc' 


RUNOUTS 
.{NOTE 3) 


/ - ,v 

-S HUT-OFF VALVE 
(GATE VALVE) 


NOTES: - : -\y • • 

i; Though not'shown, control valves (automatic or 
manual), may I>c required to control flow thru each 
unit 1 '■ ■ ■ 

2 A shut off valve may be installed in the supply and 

return branch headers When headers serve 3 to 5 
units • ■ • ■ • : ■ ■ 

3 Supply and return runouts to the coil should have 
flared connections if the runouts are soft copper. 
Otherwise unions or flanges are.installed to facilitate 

- servicing units. A r-.y ")'■ ; ~7f ~ 


Fig 34 — Piping Layout tor Horizontal Multiple 
Coils (4 Units - 4 Shot-Off Valves) 


Condenser 

Figure 38 shows a water-cooled condenser using 
city, well or river water The return is run higher' 
than the condenser so that the condenser is always 
full of water, Water flow thru the condenser is mod¬ 
ulated by the control valve in the supply line 

Figure 39 is an illustration of an alternate drain 
arrangement for a condenser discharging waste 
water. Drain connections of all types must be 
checked for compliance with local codes. Codes 
usually require that a check valve be installed in 
the supply line when city water is used. 

Figure 40 illustrates a condenser piped up with a 
cooling tower , If the cooling tower and condenser 
are close coupled, most of the gate valves can be 
eliminated. If the piping system is extensive, th* 
gate valves as shown are recommended for isolatn _ 
the equipment when servicing 
When more than one condenser is to be used in 
the same circuit, the flow thru the condensers must 
be equalized as closely as possible. This is compli¬ 
cated by the following: 



Otherwise unions or flanges are installed to facilitate 
servicing units., 


Fig. 35 - Piping Layout for Horizontal, Multiple 
Coils (4 Units - 2 Shut-Off Valves) 
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NOTES: ! " 

1 Though net shown, control valves (automatic or 

manual) may be required to control flow thru each 
unit '. ’• " ‘ . . . : .... 

2 A shut off valve may be installed in the supply and 

return branch headers when headers serve 3 to 5 
Units, ” • .. ... ;• ;. . v ; j U 

3 Supply and return runouts to the coil should have 
’ flared connections if the "runouts are soft copper. 

Otherwise unions or flanges are installed to facilitate 
servicing united:' : r v : : " V? ■' 

Fig.. 36 — Piping Layout por Horizontal Multiple 
Coils (3 Units — 6 Shut-Opf Valves) 



NOTES: 

1 flange or union is located to allow cooler head re¬ 
moval 

2 Gate valves shown may be eliminated in a close 
coupled system. 



Fig 38 — Condenser Piping for a Once-Thru 
System 


1. The pressure drops thru the condensers are 
not always equal 

2 Water entering the branch line and leaving 
the run of tees seldom divides equally. 

3. Workmanship in the installation can affect the 
pressure drop 

To equalize the water flow thru each condenser, 
the pipe should be sized as follows: 

1 Size the branches for a water flow of 6 fps mini¬ 
mum The branch connections to each con¬ 
denser should be identical.. 




Fig 37 - Piping at a Water Cooler 


Fig 39 — Alternate Drain Connection 


Air Conditioning Company 
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TO COOLING TOWER 
HEADERS 


FLOAT "AIR VENT OR PETCOCK 
•' ( NOTE 

K : >S ; ‘i{r-5ATE VALVE 


UNION OR FLANGE 
c NOTE l) . .* 


GATE VALVE 


STRAINER; 


0 "^.CIRCULATING PUMP 


vSfT THERMOMETER- REMOVE 
WELL AND BUSHING-TO 
BLOW OUT TUBES 


, l gate valve 


iNOTK^ 

T i ;%)ange oruiniori,as located v to a ow^condenser -head 
removal. 

2; Gate valves . .shown may be , eliminated , in a.-.close , 
coupled system (except drain valve) ;; - 
3. When water enters bottom of condenser, air will vent - 
" naturally .thru cooling tdwer.sprays. If it is necessary . v 
rlrdri^ninine- -after leaving condenser, 'Install an •-:■■■ 


Pi G 40 _ Condenser Piping for a Cooling Tower 


2 Size the header for the total required water 
quantity for all the condensers with a velocity 
of not mote than 3 fps The header is ex¬ 
tended approximately 12 in beyond the last 

. branch to the condenser 

3 Size the water main supplying the header lor 
a velocity of 5 to 10 fps with 7 fps a good 
average, The water main may enter the header 
at the end or at any point along the length 
of the header. Care should be used so that 
crosses do not result. 

4 Size the return branches, header and main 
in the same manner as the supply 

5, Install a single water regulating valve in 
the main, rather than separate valves in the 
branches to the condenser (Fig. 41) 

Cooling Tower 

Figure 40 illustrates a cooling tower and condenser 
piped together, Since the cooling tower is an open 
piece of equipment, this is an open piping system. 
If the condenser and cooling tower are on the same 
level, a small suction head for the pump exists The 
strainer should be installed on the discharge side of 
Lhe pump to keep the suction side of the pump as 
close to atmospheric as possible.. 


-WATER OUT (5-10 FPS) 
-REDUCER 


RETURN HEADER 
TOTAL GPM AT 3 FPS 



Iflgraplpfi : : : M ia 

v.l.: : .Thermometer .wells are inserted in tees. Remove wells 
TV: to blow out coils. - - .: 

2. A' single water regulating valve Vniust jbe . used as 
*T$shown. If under opacity, install two valves in parallel 
l^fand connect pressure tube in liquid header ( . _ : f, 
£ 3 ; Water supply in or return out can be at any point in 
the headers. 


Fig. 41 — Multiple Condenser Cooling Waier 
Piping (Refrigerant Connections Parallel) 


It is often desirable to maintain a constant water 
temperature to the condenser This is done by in¬ 
stalling a bypass around the cooling tower . When 
the condenser is at the same level or above the cool¬ 
ing tower, a three-way diverting valve is recom¬ 
mended in the bypass section (Fig 42).. 

A three-way mixing valve is not recommended 
since it is on the pump suction side, and tends to 
create vacuum conditions rather than maintain at¬ 
mospheric pressures. 

Figure 43 illustrates the bypass layout when the 
condenser is below the level of the cooling tower. 
This particular piping diagram uses a two-way 
automatic control valve in the bypass line The 
friction drop thru the bypass is sized for the unbal¬ 
anced static head in the cooling tower with maxi¬ 
mum water flow thru the bypass 

If multiple cooling towers are to be connected, 
it is recommended that piping be designed such that 
the loss from the tower to the pump suction is 
approximately equal for each tower. Fig. 44 il¬ 
lustrates typical la)outs for multiple cooling towers 
Equalizing lines are used to maintain the same 
water level in each tower. 
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COOLING TOWER HEADERS 


COOLING TOWER 
HEADERS -r- 


COOLING 

TOWER 

RETURN 


THREE-WAY 
DIVERTING VALVE 


UNBALANCED 
HEAD 'i'A'®?; 


AUTOMATIC 
CONTROL VALVE 


COOLING 

TOWER 

RETURN 


FROM CONDENSER 


FROM 

CONDENSER 


TO PUMP 
SUCTION 


BYPASS 


- notes: ■' r- 

- 1 A two-way automatic control valve is used when the 
y condenser is below the cooling tower See Fig. 42 iov 
yM piping layout 'when the "condenser ,is at'the same 

level as or above the cooling tower.: ; r . 
sj:2. The friction loss from “A” to “B" includes the loss - 
yyy 'thru that section of the pipe and; the Toss thru the 
two-way automatic control valve.' This friction loss 
should be designed for the unbalanced head.of the v< 
^cooling tower “v ^ 

| 3 Locate the automatic control valve close to the coolr^f-v 
•-%V ing tower to minimize pump motor overload and.^v; 

waterflow’'thrit the tow« when yaWe ;i i m foil o^en Jg;. 
Jj' position 


TO PUMP 
SUCTION 


NOTE 2 


NOTES: ' v .; . .. 

1 A three-way diverting valve is used when the con 
denser is at the same level as or above the cooling 
tower See Fig 43 for piping layout when condenser 
is below the cooling tower •, ; 

2, A three-way mixing valve is not recommended at this 
'• point as it imposes additional head at the pump 
-suction 


lie 43 — Cooling Tower Piping for Consiani 
Leaving Water Temperature 
(Condenser Below T ower) 


Fig 42 — Cooling Tower Piping for Constant 
Leaving Water Temperature 
(Condenser and Tower at Same Level) 


NOT RECOMMENDED 


RECOMMENDED 


TWO COOLING TOWERS 


NOT RECOMMENDED 


RECOMMENDED 


THREE COOLING TOWERS 


Fig 44 _ Multiple. Cooling Tower Piping 
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Air Conditioning Company 
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Fig 45 — Air Washer Piping 


Air Washer 

The water piping layout for ail air washer used 
for humidifying is presented in Fig. 45 When the 
pump and air washer are on the same level, there is 
usually a small suction head available for the pump. 
Therefore, if a strainer is required in the line, it 
should be located on the discharge side of the pump 
Normally air washers have a permanent type screen 
at the suction connection to the washer to remove 
large size foreign matter. 

The drain line is connected to an open-site drain 
similar to those illustrated in Figs, 38 and 39 The 
drain arrangement should always be checked for 
compliance to local codes 

The piping layout shows a shell and tube heater 
for the spray water Occasionally heat is added by a 
steam ejector instead of by a normal heater . 

Chilled water is required if the sprays are to 
accomplish dehumidification Figures 46 and 47 
illustrate two typical methods of connecting the 
chilled water supply The plug cock in both dia- 
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V • matic control valve is approximately 90% of 


recirculating water design 


Fig 46 — Air Washer Piping Using a Three-Way 
Control Valve 
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DRAIN TO GRAVITY 



NOTE: Adjust plug cock so that full flow thru divert¬ 
ing valve is approximately 90% of recirculating 
water design. 


Fig 47 — Air Washer Piping Using a Two-Way 
Control Valve 



Fig. 48 — Air Washer Return Connections at 
Different Elevations 



PLAN 


Fig 49 — Air Washer Return Connections at ihe 
Same Level, 


grams is adjusted so that full flow thru the three- 
way diverting valve (fig- 46) and thru the automatic 
control valve (fig 47) is approximately 90% of the 
r ecirculating water design quantity 

figures 48 and 49 are schematic sketches of multi¬ 
ple air washers with gravity returns piped to the 
same header 

Sprayed Coil 

A typical layout for a sprayed coil piping system 
is shown in Fig 50, The diagram shows a water 
heater which may be required for humidification 
If a preheat coil is used, the water heater may be 
eliminated 

The drain line should be fitted with a gate valve 
rather than a globe valve since it is less likely to 
become clogged with sediment 

Pump Piping 

The following items illustrated in fig.. 51 should 
be kept in mind when designing piping for a pump: 

1 Keep the suction pipe short and direct 

2 Increase the suction pipe size to at least one 
size larger than the pump inlet connection, 

3. Keep the suction pipe fr ee from air pockets 

4 Use an eccentric type reducer at the pump suc¬ 
tion nozzle to prevent air pockets in the 
suction line 



Fig, 50 — Spray Water Coil With Water Heater 
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Jig.51 — Pump Suction Connections 


aaisiii 


Pig. 53 - Gage Location at a Pump 


5 Never install a horizontal elbow at the pump 
inlet Any horizontal elbow in the suction line 
should be at a lower elevation than the pump 
inlet nozzle. Where possible, a vertical elbow 
should lead into a pipe reducer at the pump 
inlet 

I£ multiple pumps are to be interconnected to the 
same header, piping connections are made as il¬ 
lustrated in Fig 52., This method allows each pump 


to handle the same water quantity. Under partial 
load conditions and at reduced water flow or when 
one pump is out of the line, the pumps still handle 


Figure 53 illustrates two methods of locating 
pressure gages at the pump; one method uses two 
gages and the other uses one The use of one gage 
has the advantage of always giving the correct pres¬ 
sure differential across the pump. Two gages may 

differential if one or both 


GATE .VALVE 


give an incorrect pressu 
ar e r eading high or low 

A pulsating damper located before the pressure 
gage is shown in Fig 53, This is an inexpensive de¬ 
vice for dampening pressure pulsations The same 
result can be obtained by using a pigtail in the line 
as shown in the diagr am 

Expansion Tank Piping 

Figure 54 is a suggested piping layout for an open 
expansion tank Piping is enlarged at the connec¬ 
tion to the expansion tank This permits air en¬ 
trained or carried along with the water to separate 
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Fig. 52 — Multiple Pump Piping 






CHAPTER 2 WATER PIPING 


3-41 



2. Enlarged portion of return line and enlarged tee are 
each two standard pipe sizes larger than return line A|.; 

Pig. 54 — Open Expansion Tank Piping 

and be vented thru the tank The expansion tank 
Should be located at the pump suction side at the 
highest point in the system 

Valves, strainers and traps must be omitted from 
the expansion line since these may be accidentally 
turned off or become plugged. 

figure 55 illustrates the piping diagram for a 
closed tank.. 

Drain Line Piping 

Moisture that forms on the cooling coils must be 
collected and carried off as waste On factory fabri¬ 
cated fan-coil units a drain pan is used to collect 
this moisture For built-up systems the floor or base 
of the system (before and after the cooling coil) is 
used to gather the moisture. 

Since, under operating conditions, the drain water 
is subject to pressure conditions slightly above or 
slightly below atmospheric pressure, the line used 
to carry off this water must be trapped This trap 
prevents conditioned air from entering the drain 
line when the drain water is under- positive pres- 



Fig. 55 — Closed Expansion Tank Piping 


sure as in a blow-thru fan-coil unit. When the 
system is under negative pressure as in a draw-thru 
unit, the trap prevents water from hanging up in 
the drain pan 

Figure 56 illustrates the trapping of a drain line 
from the drain pan The length of the water seal 
or trap depends on the magnitude of the positive 
or negative pressure on the drain water . For in¬ 
stance, a 2-inch negative fan pressure requires a 
2 -inch water seal. 

Normally, under-the window fan-coil units have 
the drip pan subject to atmospheric conditions only 
and the drain line from these units is not trapped 

The drain line runout for all systems is pitched 
to offset the line friction For a single unit the run¬ 
out is piped to an open site drain Local codes and 
regulations must be checked to determine proper 
piping practice for an open site drain. The runout 
is run full size corresponding to the drain pan 
connection size, 

Some applications have multiple units with the 
drain lines connected to a common header or riser . 



Fig. 56 — Piping for Drain Pans 
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To size the header or riser, the amount of moisture 
that is expected to form must be deteimined This 
moisture and the available head is used to determine 
the pipe size from the friction chart fox open pip¬ 
ing systems However, in no instance is the headex 
or riser sized smaller than the drain pan con¬ 
nection size. Also, as required in all water flow 


systems, pockets and traps in the risers and mains 
must be vented to prevent water hangup. 

Each system should be investigated to determine 
the need for drainage fittings and cleanouts for 
traps These are necessary when considerable sedi¬ 
ment may occur in the drain pan, 
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GENERAL SYSTEM DESIGN 

This chapter includes that practical material re¬ 
quired for the design and layout of a refrigerant 
piping system at air conditioning temperature levels, 
using either Refrigerant 12, 22, 500 or 502. 

APPLICATION CONSIDERATIONS 

A refrigerant piping system requires the same 
general design considerations as any fluid flow 
system However, there are additional factors that 
critically influence system design: 

1 The system must be designed for minimum 
pr essur e drop since pr essure losses decrease the 
thermal capacity and increase the power re¬ 
quirement in a refrigeration system 

2. The fluid being piped changes in state as it 
circulates, 

3, Since lubricating oil is miscible with Refrig¬ 
erants 12, 22, 500 and 502, some provision 
must be made to: 

a. Minimize the accumulation of liquid re¬ 
frigerant in the compressor crankcase, 
b Return oil to the compressor at the same 
rate at which it leaves 

Piping practices which accomplish these objectives 
are discussed in the following pages 

CODE REGULATIONS 

System design should conform to all codes, laws 
and regulations applying at the site of an installa¬ 
tion,. 

In addition the Safety Code for' Mechanical Re¬ 
frigeration (USAS-B91) and the Code for Refrig¬ 
eration Piping (USAS-B31 5) are primarily drawn 
up as guides to safe practice and should also be 
adhered to These two codes, as they apply to 
refrigeration, are almost identical, and are the basis 
of most municipal and state codes, 

refrigerant piping design 

DESIGN PRINCIPLES 
Objectives 

Refrigerant piping systems must be designed to 
accomplish the following: 

1 Insure proper feed to evaporators, 

2„ Provide practical line sizes without excessive 
pressure dr op,, 


S Protect compressors by — 

a. Preventing excessive lubricating oil from 
being trapped in the system 

b. Minimizing the loss of lubricating oil from 
the compressor at all times 

c Preventing liquid refrigerant from entering 
the compressor during operation and shut¬ 
down, 

Friction Loss and Oil Return 

In sizing refrigerant lines it is necessary to con¬ 
sider the optimum size with respect to economics, 
friction loss and oil return Prom a cost standpoint 
it is desirable to select the line size as small as pos¬ 
sible Care must be taken, however, to select a line 
size that does not cause excessive suction and dis¬ 
charge line pressure drop since this may result in 
loss of compressor capacity and excessive hp/ton.. 
Too small a line size may also cause excessive 
liquid line pr essure dr op Phis can r esult in flashing 
of liquid refrigerant which causes faulty expansion 
valve oper ation 

The effect of excessive suction and hot gas line 
pressure drop on compressor capacity and horse¬ 
power is illustrated in Table 16. 


TABLE 16 —COMPRESSOR CAPACITY VS 
LINE PRESSURE DROP 

42 F Evaporator Temperature 



" "COMPRESSOR 

PRESSURE DROP AG 

Capacity (%) 

Hp/Ton (%) 

No Une Loss ' \ 

2F Suction Line Loss V A 
j 2F Hot Gas Line Loss J&t 5 ' 

4F Suction Line Loss GV 

• 4F Hot Gas Line Loss r 

aT-A oo 

A'"- 957 v- 
G 98.4 AG 

Tl , 92 .2 Mf?. 
T? ; - - 96.8 W' 

,{no3;5;v^ 

.. 103,5 AAG 

■ 106 8 , 

• ,'io6.8 ::.-G 


Pressur e dr op is kept to a minimum by optimum 
sizing of the lines with respect to economics, making 
sure that refrigerant line velocities are sufficient to 
entrain and carry oil along at all loading conditions 
For Refrigerants 12, 22, 500 and 502, consider the 
requirements for oil return up vertical risers 

Pressure drop in liquid lines is not as critical as 
in suction and discharge lines However, the pressur e 
drop should not be so excessive as to cause gas 
formation in the liquid line or insufficient liquid 
pressure at the liquid feed device, A system should 
normally be designed so that the pressure drop m 
the liquid line is not gr eater than one to two degrees 
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change in saturation temperature In terms of pres¬ 
sure drop, this corresponds to about 1..8 to 3 8 psi 
for R-12, 2.9 to 6 psi for R-22, 2 2 to 4.6 psi for 
R-500 and 3 1 to 6 3 psi for R-502 

Friction pressure drop in the liquid line includes 
accessories such as solenoid valve, strainer, drier and 
hand valves, as well as the actual pipe and fittings 
from the receiver outlet to the refrigerant feed de¬ 
vice at the evaporator. 

Pressure drop in the suction line means a loss in 
system capacity because it forces the compressor to 
operate at a lower suction pressure to maintain the 
desired evaporator temperature Standard practice 
is to size the suction line for a pressure drop of 
approximately two degrees change in saturation 
temperature In terms of pressure loss at 40 F suc¬ 
tion temperature, this corresponds to about 18 psi 
for R-12, 2 9 psi for R-22, 2.2 psi for R-500, and 
3.1 psi for R-502, 

Where a reduction in pipe size is necessary to 
provide sufficient gas velocity to entrain oil upward 
in vertical risers at partial loads, a greater pressure 
drop is imposed at full load To keep the total 
pressure drop within the desired limit, excessive 
riser loss can be offset by properly sizing the hori¬ 
zontal and “down” lines 

It is important to minimize the pressure loss in 
hot gas lines because these losses can increase the 
required compressor horsepower and decrease the 
compressor capacity It is usual practice not to ex¬ 
ceed a pressure drop corresponding to one to two 
degrees change in saturation temperature This is 
equal to about 18 to 3 8 psi for R-12, 2 9 to 6 psi 
for R-22, 2 2 to 4 6 psi for R-500, and 3 1 to 6 3 psi 
for R-502. 

REFRIGERANT PIPE SIZING 

Charts 7 thru 21 are used to select the proper 
steel pipe and copper tubing size for the refrigera¬ 
tion lines They are based on the Darcy-Weisbach 
formula: 


where h — loss of head in feet of fluid 
/ = friction factor 
L — length of pipe in feet 
D — diameter of pipe in feet 
V = velocity in fps 

g = acceleration of gravity = 32 17 ft/sec/sec 
The friction factor depends on the roughness of 
pipe surface and the Reynolds number of the fluid 
In this case the Reynolds number and the Moody 
char t are used to determine the fr iction factor 


Use of Pipe Sizing Charts 

The following procedure for sizing refrigerant 
piping is recommended: 

1 Measure the length (in feet) of straight pipe 

2 Add 50% to obtain a trial total equivalent 
length 

3. If other than a rated friction loss is desired, 
multiply the total equivalent length by the cor¬ 
rection factor from the table following the 
appropr iate pipe or tubing size chart 

4 If necessary, correct for suction and condensing 
temperatures. 

5 Read pipe size from Charts 7 thru 21 to deter¬ 
mine size of fittings 

6 Find equivalent length (in feet) of fittings d 
hand valves from Chapter 1 and add to me 
length of straight pipe (Step 1) to obtain the 
total equivalent length 

7, Correct as in Steps 3 and 4 if necessary. 

8 Check pipe size 

In some cases, particularly in liquid and suction 
lines, it may be necessary to find the actual pressure 
drop To do this, use the procedure described in 
Steps 9 thru 11: 

9.. Convert the friction drop (F from Step 3) to 
psi, .using refrigerant tables or the tables in 
Part 4.. 

10. Find the pressure drop thru automatic valves 
and accessories from manufacturers' catalogs. 
If these are given in equivalent feet, change to 
psi by multiplying by the ratio: 

Step (9) 

Step (6) 

11.. Add Steps 9 and 10. 

In systems in which automatic valves and acces¬ 
sories may create a relatively high pressure drop, 
the line size can be increased to minimize their effect 
on the system. 

Example 7 — Use of Pipe Sizing Charts 
Given: 

Refrigerant 12 system 

Load — 46 tons 

Equivalent length of piping — 65 ft 

Saturated suction — 30 F 

Condensing temperature — 100 F, of subcooling 

I ype L. copper tubing 

Find: 

Suction line size for pressure drop corresponding to 2 F 

Actual pressure drop in terms of degrees F for size selected. 
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Solution: 

See Chart 7 

1 Line sizes for 40 I saturated suction and 105 F condensing 
temperature are shown on Chart 7 Determine the cor¬ 
rection factor for a 30 F suction temperature of I 18 from 
table in notes following Chart 9 

2 Determine adjusted tons to be used in Chart 7 by mul¬ 
tiplying correction factoi in Step 1 by load in tons: 

1 18 X 46 = 55 tons 

3 Enter Chart 7 and project upward from 55 tons, to the 
0°F subcooling line of a 2$/ 8 in OD pipe size, then to 
a 3 y 8 in OD pipe size At 23/jj in, OF), a 2 F drop is 
obtained with 34 ft of pipe; at 3]/g in OD a 2 F drop 
is obtained with 80 ft of pipe Select a Z\/g in OD pipe 
to obtain less than a 2 f drop 

4 Use the following equation to determine actual pressure 
drop in terms of degrees F in the 3i/£ in OD pipe with 
a 46 ton load: 

Actual pressure drop 

equivalent ft of pipe 
” piping allowed for 2 F drop x ^ ^ 



1 6 F 


LIQUID LINE DESIGN 

Refrigeration oil is sufficiently miscible with these 
refrigerants in the liquid phase to insure adequate 
mixing and oil return Ther efore low liquid veloci¬ 
ties and traps in liquid lines do not pose oil return 
problems, 

The amount of liquid line pressure drop which 
can be tolerated is dependent on the number of 
degrees subcooling of the liquid. Usually this 
amounts to 5 F to 15 F as the liquid leaves the con¬ 
denser Liquid lines should not be sized for more 
than a 2 F drop under normal circumstances, In ad¬ 
dition, liquid lines passing thru extremely warm 
spaces should be insulated 


Friction Drop and Static Head 

With an appreciable friction drop and/or a static 
head due to elevation of the liquid metering device 


above the condenser, it may be necessary to resort 
to some additional means of liquid subcooling to 
prevent flashing in the liquid line. Increasing the 
liquid line pipe size minimizes pipe friction and 
flashing due to fr iction drop. 

In large systems where the cost is warranted, a 
liquid pump may be used to overcome static head 

An arrangement shown in Fig 57 illustrates a 
method which may be used to overcome the effect 
of excessive flash gas caused by a high static head 
in the system This arrangement does not prevent 
the forming of flash gas, but does offset the effect it 
might have on the operation of the evaporator and 
valves, 
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Liquid Subcooling 

Where liquid subcooling is required, it is usually 
accomplished by one or both of the following ar¬ 
rangements: 

1. A liquid suction heat interchanger (heat dis¬ 
sipates internally to suction gas) 

2 Liquid subcooling coils in evaporative con¬ 
densers and air-cooled condensers (heat dissi¬ 
pates externally to atmosphere), 

The amount of liquid subcooling requir ed may be 
determined by use of a nomograph. Chart 22 or by 
calculation The following examples illustrate both 
methods 

Example 2 — Liquid Subcooling from Nomograph 
Given: 

Refrigerant 12 system 

Condensing temperature — 100 I (131.6 psia) 

Liquid line pressure drop (incl liquid lift) — 29 9 psi 

Find: 

Amount of liquid subcooling in degrees F required to pre¬ 
vent flashing of liquid refrigerant 

Solution: 

Use Chart 22 

1. Determine pressure at expansion valve: 

131.6-29 9 = 101.7 psia 

2. Draw line from point A (100 F cond temp) to point B 
(101.7 psia at expansion valve). 

3 Draw line from point C (intersection of AB with line Z) 
thru point D (0% flash gas) to point E (intersection of 
CD with liquid subcooling line). 

4 Liquid subcooling at point E = 18 F Liquid subcooling 
required to prevent liquid flashing = 18 F, 



Fig. 57 — Method of Overcoming III Effects of 
System High Static Head 
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CHART 9—LIQUID LINES—COPPER TUBING 

For Pressure Drop Corresponding to 2 F 


REFRIG 12 
40°/l05° 



-40 F/15 F SH/105 F SCT 

-40 F/15 F SH/105 F/15 F SC 


Range of Chart 9: 


Saturated Suction Temperatures —40 F to 50 F 

Condensing Temperatures 80 F to 160 F 


Pressure drop is given in equivalent degrees because of the general acceptance of this method of sizing The corresponding pressure drop in psi may 
be determined by referring to the saturated refrigerant tables 

To use Charts 7 and 8 for conditions other than 40 F saturated suction, 105 F condensing,multiply the refrigeration load in tons by the factor 
below and use the product in reading the chart (S — Suction, HG = Hof Gas). • 


SATURATED SUCTION TEMPERATURE (F) 


COND 

TEMP 


—40 


—30 


—20 


— TO 


TO 


20 


30 


40 


50 


TONS MULTIPLYING FACTOR 



S 

HG 

S 

HG 

S 

HG 

S 

HG 

S 

HG 

S 

HG 

S 

HG 

S 

HG 

S 

HG 

S 

HG 

80 

5 07 

1.50 

3.92 

1 46 

3.08 

1.43 

2 45 

1.39 

1 96 

1 36 

1 59 

1.33 

1.31 

1.30 

1 08 

1.28 

0.89 

1.25 

0.75 

1.22 

90 

_ 

_ 

4 11 

1 34 

3.22 

1.31 

2 55 

1.27 

2 05 

1.24 

1 66 

1.21 

1.36 

119 

112 

1 16 

0.93 

1.14 

0.78 

1,11 

TOO 

— 

— 

4.33 

1.23 

3.39 

1.20 

2.69 

1.17 

2.15 

1.14 

1.74 

1.11 

1.43 

1.09 

1.18 

1.06 

0.98 

1.04 

0.82 

1.02 

1 T 0 

— 

_ 

. _ 

_ 

3 58 

1.10 

2.83 

1.08 

2 27 

1.05 

1.84 

1.02 

1.50 

1.00 

1.24 

0.98 

102 

0,96 

0.85 

0.93 

T20 

— 

_ 

— 

_ 

3 80 

1 03 

3 00 

1.00 

2 40 

0.97 

1.94 

0 95 

1 58 

0.93 

1 30 

0 90 

108 

0 88 

0 90 

0.86 

T30 

— 

— 

— 

— 

— 

— 

3.19 

0.93 

2.55 

0.91 

2.06 

0.88 

1.68 

0.86 

1.37 

0.84 

1.14 

0.82 

0.95 

0.80 

T40 

— 

_ 

— 

_ 

_ 

— 

3 42 

0 88 

273 

0 85 

2 20 

0.83 

179 

081 

1 46 

0.78 

1.21 

0.76 

100 

0.75 

T 50 

— 

— 

— 

— 

— 

— 

— 

— 

2 29 

081 

2 35 

0 78 

1.91 

076 

1.56 

0.74 

1 29 

072 

1 07 

0.70 

T 60 

— 

— 

— 

— 

— 

— 

— 



0.77 

2.54 

0.74 

2.06 

0.72 

1.69 

0.70 

1.39 

0.68 

1.15 

0.66 


NOTESi 


1 , To use suction hot gas and liquid line charts for friction drop other than 2 F, multiply equivalent length by factor below and use product in reading 
chart. 


Friction Drop (F) 

Liquid Line 

Hot Gas Line 
Suction Line 

..5 

D 

D 

a 

2 5 

D 

a 

a 

fl 

Multiplier 


flXEiH 


1.3 


0.8 

MSB 


0.4 | 



2 Pipe sizes are OD and are for Type L copper tubing 
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CHART 10—SUCTION LINES—COPPER TUBING 










TONS OF REFRIGERATION 


0 F/15 F SH/105 F SCT 
0 F/15 F SH/105 F/15 F SC 














EQUIVALENT LENGTH (FT) 


CHAPTER 3. REFRIGERANT PIPING 


3-49 


CHART 12—LIQUID LINES—COPPER TUBING 

For Pressure Drop Corresponding to 2 F 


REFR1G502 
40°/105° 



- 0 F/15 F SH/105 F SCT 

-0 F/15 F SH/105 F/15 F SC 


Range of Chort 12: Saturated Suction Temperatures —60 F to +40 F 

Condensing Temperatures 80 F to 160 F 


Pressure drop is given in equivalent degrees because of the general acceptance of this method of sizing. The corresponding pressure drop in psi may 
be determined by referring to the saturated refrigerant tables 

To use Charts 10 and 11 for conditions other than 0° F saturated suction, 105 F condensing, multiply the refrigeration load in tons by the factor 
below and use the product in reading the chart (S = Suction, HG = Hot Gas). 


COND 

TEMP 

(F) 

SATURATED SUCTION TEMPERATURE (F) 

50 1 40 I —30 | —20 | —10 | 0 1 10 | 20 ! 30 j 40 

TONS MULTIPLYING FACTOR 




S 

HG 

S 

HG 

S 

HG 

S 

HG 

s 

HG 

S 

HG 

S 

HG 

* 

HG 

5 

HG 

Bfl 

HG 

80 

90 

100 

2.82 

1 44 

2 15 
2 31 

HMfl 

li 

1 

1.27 

1.20 

1.17 

1 31 
1.40 
1.51 

1.22 

1.14 

1.10 

1 

118 

1.10 

1.05 

0.84 

0.90 

0.96 

1.14 

1 07 
1.01 

069 

0.73 

078 

1.11 

1 04 
0.98 

iTTi 

I 


H 

Rjj 

1,00 

094 

0.89 

HC 

— 


B 

B 



1 

Ifgg 

Uwl 

1 30 
1.42 
1.56 

1.01 

0.99 

0.99 

1 

0.97 

0.94 

0.93 

0.84 

0.91 

0.99 

094 

0 91 
0.88 

■m 

■oTTl 

Mil 

0 88 
0.85 
0.82 

0.47 

051 

0,55 

0..85 

0.82 

079 

H 

B 



B 

B 

1 

B 

B 

174 

1..94 

1 01 

1 05 

1.37 

1 53 
172 

0.93 

.096 

1.00 

1 

0 88 
0.88 
0.91 

089 

0.98 

1.10 

0.84 

0.83 

0.84 

073 

0 80 
0.89 

0.81 

0,80 

0.80 

0.60 
0 66 
073 

078 

0.77 

077 


NOTES: 

1„ To use suction hot gas and liquid line charts for friction drop other than 2 F, multiply equivalent length by factor below and use product in reading 


chart. 


Friction Drop (F) 

Liquid Line 

Hot Gas Line 
Suction Line 

5 


1.5 

2.0 

2 5 

3.0 

D 

5 0 

6 0 

Multiplier 


4.0 

2.0 j 

1.3 

1.0 

0.8 | 

07 | 

| 0,5 i 

0.4 

0.3 


2. Pipe sizes are OD and are for Type L copper tubing. 
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-40 F/15 F SH/105 F SCT 

-40 F/15 F SH/105 F/15 F SC 


REFRIG 500 
40°/105° 


CHART 14 — HOT GAS UNES-COPPER TUBING 

For Pressure Drop Corresponding to 2 F 


200 


5' 


I 











EQUIVALENT LENGTH (FT) 



TONS OF REFRIGERATION 


- - 40 F/15 F SH/105 F SCT Range of Chart 15s Saturated Suction Temperatures 

-40 F/15 F SH/105 F/15 F SC Condensing Temperatures 


Pressure drop !. a i,en id epuivoleo, depree. because of the acceptor of this method of .lilts. The ear,responding pressure drop in psi mo, 

be determined by referring to the saturated refrigerant tobies 

To use Charts 13 and 14 for condition, other than 40 F .aturoted suction, 105 F condensing, multiply refrigeration load m tons by factor below 
and use product in reading chart (S = Suction, HG = Hot Gas). _^. 


COND 


SATURATED SUCTION TEMPERATURE (F) 


— 40 


—30 


—20 


-10_L 


I 


10 


20 


30 


40 


50 


(F) 


BTE1 

s 

wm 

S 

■m 

S 

E9 




WHOM 

mm 

■m 



S 

mm 

mm 

HG 


5 09 


m 

i 

3 08 

3 23 
3.41 

m 

Iff! 

■ 

■ 

M 

183 J 

1 35 
1.24 
1.15 

1 58 

1 66 
1.74 

1.32 

1 21 
1.12 


m 

UVJ 

■iig 

m 

m 

1 .:a 
1.13 
1.04 


1.10 

1.02 

no 

120 

— 


a 

H 

By 

1 15 

1.08 

2 85 

3 03 
3.24 

l 11 

1 05 
0.99 

2 28 

2 42 
2.58 

1 08 

1 01 
0.96 

1.84 

1.95 

2.08 

1.04 

0 98 
0.93 

mi 

urn 


1 


IH 

0.96 

0.90 

0.85 

U eo 
0.90 
0.95 

0.88 

0.83 

140 

150 

160 

— 

- 

— 


‘— 


3 49 

0 95 

2 77 
3.01 
3.29 

0 92 

0 89 
0.88 

2 23 

2 41 
2.63 

0 89 

0 86 
0.84 

1.81 

1 95 
2.13 

0 86 
0.83 
0.82 

1 48 

1 59 
1.73 

0.83 

0..80 

0.78 

1 .22 
1.31 
1.42 

0.80 
0 77 
0.75 

101 

1 09 
1.18 

0.75 

0.73 


NOTES: 


1. To use suction hot gas a 


nd liquid line charts for friction drop other than 2 F, multiply equivalent length by factor below and use product in reading 


chart. 

Friction Drop (F) 

Liquid Line 

Hot Gas Line 

..5 

1 0 

1 5 

2.0 

2.5 

3 0 

a 

5.0 

6.0 

Multiplier 


4.0 

2.0 

1.3 

1.0 

0.8 

0.7 j 

I 0.5 | 

0.4 

0.3 


2, Pipe sizes ore OD and are for Type 1 copper tubing 
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REFRIG. 22 
40°/105° 




CHART 

F 

16—SUCTION LINES—COPPER TUBING 

or Pressure Drop Corresponding to 2 F 







40 50 


TONS OF REFRIGERATION 


40 F/15 FSH/105 FSCT 
40 F/15 FSH/105 F/15 F SC 


REFRIG 22 
40°/105° 


CHART 17—HOT GAS LINES—COPPER TUBING 

For Pressure Drop Corresponding to 2 F 





wit I w I -L- 

3 4 5 6 8 


TONS OF REFRIGERATION 


40 50 60 80 100 ’ 


300 400 500 


40 F/15 FSH/105 F SCT 
40 F/15 F SH/105 F/15 F SC 
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CHART 18 —LIQUID LINES—COPPER TUBING 

For Pressure Drop Corresponding to 2 F 


REFRIG 22 
40°/105° 



-40 F/W15 F SH/105 F SCT 

-40 F/W15 F SH/105 F/W15 F SC 


Range of Chart 1 8: 


Saturated Suction Temperatures —40 F to 50 F 

Condensing Temperatures 80 F to 160 F 


Pressure drop is given in equivalent degrees because of the general acceptance of this method of siring The corresponding pressure drop in psi may 
be determined by referring to the saturated refrigerant tables 

To use Charts 16 and 17 for condition* other than 40 F *aturated suction, 105 F condensing, multiply the load in tons by the factor below and 
and use the product in reading the chart (S *= Suction, HG = Hot Gas) 


COND 

TEMP 

(F) 


80 

90 

100 


no 

120 

130 


140 

150 

160 


SATURATED SUCTION TEMPERATURE (F) 


—40 


—30 


— 20 


■ 10 


10 


20 


30 


40 


50 


TONS MULTIPLYING FACTOR 


475 


HG 


1.52 


3.72 

3.86 

4.05 


HG 


1 49 
1 38 
1.28 


2 95 
3.06 
3.21 


3 37 
3 55 


HG 


1.41 
1 33 
1.25 


1..18 

1.11 


2.37 
2 45 
2.57 


2 70 
2 84 
3.02 


3 20 


HG 


1 35 
1 26 
1.19 


1.14 
1 09 
1.03 


1.00 


1 92 
1 99 
2.08 


2 19 
2 29 
2.44 


2.58 
2 78 
3.00 


HG 


1 30 
1 21 
1.14 


1 08 
1 05 
1.01 


0 97 
0 94 
0.93 


1.57 
1 63 
1.70 


1.79 
l 87 
1.99 


2 11 
2 26 
2.44 


HG 


1.28 

1.18 

1.09 


1.03 
0.99 
0.96 


0..94 

0.92 

0.90 


1 29 
1.34 
1.41 


1 47 
1.54 
1.64 


l 73 
1.86 
2.00 


HG 


1.25 
1 15 
1.07 


1 00 
0.95 
0.91 


0 89 
0 88 
0.87 


1.07 
1 12 
1.17 


1 23 
1 28 
1.36 


I 44 
l 54 
1.65 


HG 


1 23 
1 13 
1.05 


0 98 
0 92 
0.88 


0 85 
0.83 
0.83 


090 
0 94 
0.98 


1.02 

1.08 

1.13 


120 

1.28 

1.37 


HG 


1.20 

111 

1.03 


0 96 
0.90 
0.86 


0 82 
0 80 
0.78 


0.76 
0 79 
0.82 


0 86 
0.90 
0.95 


1.01 

1.08 

US 


HG 


1 16 
1.08 
1.01 


0.94 

0.89 

0.84 


0 80 
0.77 
0.75 



NOTES: 

1 . To use suction hot gas and liquid line charts for friction drop other than 2 F, multiply equivalent length by factor below and use product in reoding 


chart. 






Friction Drop (F) 

Liquid Line 

Hot Gas Line 
Suction Line 

a 

1.0 

1.5 

m 

2 5 

a 

D 

D 

6,0 

Multiplier 



HSU 

1.3 

1.0 | 

0.8 

1 °- 7 ,J 

i 0-5 1 

°- 4 _j 

0.3 


2, Pipe sizes are OD and are for Type l copper tubing 


Ah CoadJtioalnsr Company 


































































EQUIVALENT LENGTH (FT) 
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Saturated Suction Temperatures 
Condensing Temperatures 


-40 F to 50 F 
80 F to 160 F 


Pressure drop is given in equivalent degrees becouse of the general acceptance of this method of sizing The corresponding pressure drop in psi may 
be determined by referring to the saturated refrigerant tables 

To use Charts 19 and 20 for conditions other than 40 F saturated suction, 105 F condensing, multiply the refrigeration load in tons by the factor 
below and use the product in reading the chart (S = Suction, HG = Hot Gas) 


SATURATED SUCTION TEMPERATURE (F) 


COND 

TEMP 

(F) 

— 

40 

1 

-30 

nr 

-20 

IZT 

■10 

1_ 

0 

J_10 

20 

I 30 

1 40 

1 50 








TONS MULTIPLYING 

FACTOR 








EH 

■Trl 

n 

■!E1 

IKS 

HG 

S 

Mlrai 



\mm 


N 

'■:cr» 

S 

!1TF1 


1TP1 

1CT 

HG 

80 


1 45 

3 48 

DO 

2 78 

1.37 

2 25 

1.33 

1 84 

1 29 

ra 

1 27 

I 26 

wm 

1.06 

1.22 

0 89 

1.20 

0.76 

1.17 

90 


— 

3 64 

tm 

2 90 

1.28 

2 35 

1 24 

1 92 

1.20 


1.17 

131 

1 15 

1.10 

1.13 

0 93 

1 11 

0 79 

1 08 

J00 



3.81 , 

Km 

Will 

1.20 

2.46 

1.16 

2.00 

1.12 

Ira 

1.09 

1.37 

1.07 

1.15 

1.05 

0.97 

1.03 

0.82 

1.01 

no 



o 




2.58 

1..10 

2 10 ! 

1.06 

1 73 

1.02 


1 00 

1 20 



1*71 

0 86 

0 95 

120 

— 


1 



nsi 

272 

1 04 

2 22 

i 01 

1 82 , 

C 97 


0 94 

1.26 




0..91 

0.89 

130 

■ 




■91 

RBI 

2.88 

0.99 

2.34 


1.93 

0.93 

■ra 

0.90 

1.33 

1*51 



0.95 

0.84 

140 

m i 


9 

— 

_ 


3 07 

0.95 

2 49 

0 93 

ITU 

0 90 

1.70 

0 87 

1 42 

CEE1 

KBS 

nil 

1.01 

0.80 

150 




— 

— 


— 

_ 

2 67 

0.89 

2 19 

0 88 

1 81 

0 85 

1 51 

081 

J 27 

0 79 

1 08 

077 

160 




— 



— 

— 

2.89 

0.88 

2.36 

0.85 

1.95 

0.83 

1.63 

0.80 

1.37 

0.77 

1.16 

0.74 


NOTES: 


1 To use suction hot gas and liquid line charts for friction drop other then 2 F, multiply equivalent length by factor below and use product in reading 
chart. 


Friction Drop (F) 

Liquid Line 

Hot Gas Line 
Suction Line 

.,5 

1.0 

1,5 

2 0 

2 5 

3.0 

4 0 

5.0 

6,0 

Multiplier 


4.0 

IHESDIB 

1.3 

1.0 1 

0.8 j 

0.7 

0.5 ! 

0.4 

0.3 


2. Pipe sizes are nominal and are for schedule 40 steel pipe. 
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PARI 3. PIPING DESIGN 


CHART 22— SUBCOOLING TO COMPENSATE FOR LIQUID LINE PRESSURE DROP 



Example 3 — liquid Subcooling by Calculation 

Given: 

Refrigerant 12 system 

Condensing temperature - 100 F 

liquid lift — 35 ft 

Piping friction loss — 3 psi 

Losses thru valves and accessories — 74 psi 

Find: 

Amount of liquid subcooling required to prevent flashing of 
liquid refrigerant 


2. Condensing pressure at 100 F — 116 9 P*ig 
Pressure loss in liquid line = 29.9 psi 

Net pressure at liquid feed valve = 87 psig 

3.. Saturation temperature at 87 psig = 82 F 
(from refrigerant property tables) 

4 Subcooling required 

= condensing temp — saturation temp at 87 psig 
- 100 - 82 = 18 F 

Liquid subcooling required to prevent liquid flashing 

= 18 F 


Solution: 

1. Pressure loss due to pipe friction = 3 0 psi 

Pressure loss due to valves and accessories = 7 4 psi 
Pressure loss due to 35 ft liquid lift 

= 35/18* =19.5 psi 

Total pressure loss in liquid line = 299 psi 


•At normal liquid temperatures the static pressure loss due 
to elevation at the top of a liquid lift is one psi for every 
1.8 ft of Refrigerant 12, 2 0 ft of Refrigerant 22, and 2.1 ft 
of Refrigerant 500 
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Sizing of Condenser fo Receiver Lines (Condensate Lines) 
Liquid line piping from a condenser to a receiver 
is run out horizontally (same size as the condenser 
outlet connection) to allow for drainage of the con¬ 
denser. It is then dropped vertically a sufficient dis¬ 
tance to allow a liquid head in the line to overcome 
line friction losses Additional head is required for 
coil condensers where the receiver is vented to the 
inlet of the coil. This additional head is equivalent 
to the pressure drop across the condenser coil The 
condensate line is then run horizontally to the re¬ 
ceiver. 

Table 17 shows recommended sizes of the con¬ 
densate line between the bottom of the liquid leg 
and the r eceiver 

SUCTION LINE DESIGN 

Suction lines are the most critical from a design 
standpoint. The suction line must be designed to 
return oil from the evaporator to the compressor 
under minimum load conditions 

Oil which leaves the compressor and r eadily passes 
thru the liquid supply lines to the evaporators is 
almost completely separated from the refrigerant 
vapor In the evaporator a distillation process occurs 
and continues until an equilibrium point is reached 
The result is a mixture of oil and refrigerant rich 
in liquid refrigerant. Therefore the mixture which 
is separated from the refrigerant vapor can be re¬ 
turned to the compressor only by entrainment with 
the returning gas 

Oil entrainment with the return gas in a hori¬ 
zontal line is readily accomplished with normal 
design velocities. Therefore horizontal lines can and 
should be run “dead” level 

Suction Risers 

Most refrigeration piping systems contain a suc¬ 
tion riser Oil circulating in the system can be 
returned up the riser only by entrainment with the 
returning gas.. Oil returning up a riser creeps up 
the inner surface of the pipe Whether the oil moves 
up the inner surface is dependent upon the mass 
velocity of the gas at the wall surface. The larger 
the pipe diameter, the greater the velocity required 
at the center of the pipe to maintain a given velocity 
at the wall surface, 

Table 18 shows the minimum tonnages required 
to insure oil return in upward flow suction risers 

Vertical risers should, therefore, be given special 
analysis and should be sized for velocities that 
assure oil return at minimum load. A riser selected 


TABLE 17-CONDENSATE LINE SIZING 

CONDENSER TO RECEIVER 
(Based on Type L Copper Tubing) 


CON- 

REFRIGERATION, MAX. TONS 


DENSATE 

Refrigerant 

Refrigerant 

Refrigerant 

“X" MIN * 

LINE SIZE 

f 12 

•!.■ 22 

> 500 


(OD, In.) ; 


,• > - • • 


VyV •• .!r .>;> •• 

’A : 

12 > 

s: 1 4 > 

■ i..2d$? 

; . OS-.t. 

Vt X 

■V 2.3 

>.'2 5 

2 4 

' 8"> - 

Vt 

-6.4 

' 7.7 : ’ 

-r i 6.8 

wi 

"■ :' : 'i Vi' V 

>•13 .3 

TT5 9 ; 

* 14 0.-7 


1 Vi: 

22,5 

26 

23 6 


-• i y. > 

- ; 34.6 

- 41 ... 

36 


2 Vi - 

>69 0 

83 

72 > 

* 

• 2 Vt 

-T19 * 

143 

125 ■%< 

18" 

' 3 Vi -;v 

: 3 Vi - 

184 

‘261 : '' 

220 

312 

194 : 

274 



‘This is the minimum elevation required between a condenser coil out¬ 
let end a receiver inlet for the total load when receiver is vented to 
coil outlet header (based on 10 ft of horizontal pipe, 1 valve and 
2 elbows). 

on this basis may be smaller in diameter than its 
branch or than the suction main pr oper and, there¬ 
fore, a relatively higher pressure drop may occur 
in the riser , 

This penalty should be taken into account in find¬ 
ing the total suction line pressure drop. The hori¬ 
zontal lines should be sized to keep the total pr essure 
drop within practical limits 

Because modern compressors have capacity re¬ 
duction features, it is often difficult to maintain the 
gas velocities required to return oil upward in verti¬ 
cal suction risers When the suction riser is sized to 
permit oil return at the minimum operating capac¬ 
ity of the system, the pressure drop in this portion of 
the line may be too great when operating at full 
load. If a correctly sized suction riser imposes too 
great a pressure drop at full load, a double suction 
riser should be used (Fig 58).. 



METHOD ‘A* METHOD "3* 


Fig. 58 — Double Suction Riser Construction 


Air Coaditsanlnff CompMnj 









-TABLE 18—MINIMUM TONNAGE* FOR OIL ENTRAINMENT UP SUCTION RISERS 


COPPER TUBING—TYPE L 


Pipe OD 


Area, Sq In. 





&S ^Foctof?M B.-502 £ 1 h 1.26 

-M'llquii temperature- equals condensing temperature minus subcooHng.g 


Liquid -Temi 


;i.ior 

1.05 

;1.13 

1.07 



Double Suction Risers 

There aie applications in which single suction 
risers may be sized for oil return at minimum load 
without serious penalty at design load. Where single 
compressors with capacity control are used, mini¬ 
mum capacity corresponds to the compressor capac¬ 
ity at its minimum displacement The maximum 
to minimum displacement ratio is usually three or 
four to one, depending on compressor size 

The compressor capacity at minimum displace¬ 
ment should be taken at an arbitrary figure of 
approximately 20 T below the design suction tem¬ 
perature and 90 F liquid temperature and not the 
design suction temperature for air conditioning 
applications., 

Where multiple compressors are interconnected 
and controlled so that one or more may shut down 
while another continues to operate, the ratio of 
maximum to minimum displacement becomes much 


greater In this case a double suction riser may be 
necessary for good oper ating economy at design load 
The sizing and operation of a double suction r 
is described as follows: 

1. In Fig 58 the minimum load riser indicated 
by A is sized so that it returns oil at the mini¬ 
mum possible load. 

2 The second riser B which is usually larger than 
riser A is sized so that the parallel pressure 
drop thru both risers at full load is satisfactory, 
providing this assures oil return at full load, 

3 A trap is introduced between the two risers as 
shown in Fig.. 58. During partial load opera¬ 
tion when the gas velocity is not sufficient to 
return oil through both risers, the trap gradu¬ 
ally fills with oil until the second riser B is 
sealed off When this occurs, the gas travels 
up riser A only and has enough velocity to 
cany oil along with it back into the horizontal 
suction main 
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The fittings at the bottom of the risei must be 
close coupled so that the oil holding capacity of the 
trap is limited to a minimum. If this is not done, 
the trap can accumulate enough oil on partial load 
operation to seriously lower the compressor crank¬ 
case oil level Also, larger slug-backs of oil to the 
compressor occur when the trap clears out on in¬ 
creased load operation Fig 58 shows that the larger 
riser B forms an inverted loop and enters the hori¬ 
zontal suction line from the top. The purpose of 
this loop is to prevent oil drainage into this riser 
which may be "idle” during partial load operation.. 


Example 4 — Determination of Riser Size — (Single Riser) 
Given: 

Refrigerant 502 system 
Refrigeration load ■— 20 0 tons 
Condensing temperature — 105 F, 15 F subcooling 
Suction temperature — 0° F, 15 F superheat 
Minimum load — 4 tons 

(One of four cylinders operating at — 20 F SST, 

15 F superheat, 90 F liquid temperature) 

Type I copper tubing 

Height of riser — 10 ft (See Fig -58A for general arrangement) 
Allowable pressure drop in suction line is 2 F 


Find: 

Size of riser 

Suction line pressure drop 



Eig. 58A — Suction Line Layout 


Solution: 

1 Estimated total equivalent length equals 1(4 times the 
actual lineal length 1 5 X 70 = 105 ft From Chart 10, 
a 2s/ s in line will carry 20 tons for 165 ft at a pressure 
drop of 2 F with 15 F subcooling 

2 The actual equivalent length of the suction line is deter¬ 
mined in two parts, as follows: 

a Riser section at evaporator — 10 ft plus one 2^4 in 
ell at 41 ft. = 14.1 ft 

b Balance of suction line system — 60 ft plus seven 2^4 
in ells at 4 1 ft = 88 7 ft total equivalent length = 
102 8 ft- 

3 From Table 78, R 502 the minimum load for returning 
oil up a 2$4 in riser at — 20 F suction is 6 6 X 1.00 = 
6 6 tons. This is greater than the minimum load Thus, 
the riser must be sized at 2(4 in., which will return oil 
down to 3 8 X 1 00 = 3 8 tons 

4 Determine if the 2(4 in. riser is adequate to carry full load 
at 0°F suction without exceeding the specified pressure 


drop The equivalent length of the riser is: 10 ft + one 
2(4 in ell at 3 3 ft = 13 3 ft From Chart 10, the 2(4 
in. riser will carry 20 tons for 58 ft at a pressure drop of 
2 F The loss in the riser for 13 3 ft: 


13.3 ft 

= ^oir x2F 


46 F 


The loss in the balance of the suction line: 


88.7 ft 


165 ft 


X 2 F - 1.07 F 


The total loss = 46 + 1.07 = 1 53 F which is within the 
2 F specified 


Example 4A — Determination of Riser Size (Double 
Riser) 


Given: 

Refrigerant 12 system 

Refrigeration load — 98 5 tons 

Condensing temperature — 105 F, no subcooling 

Suction temperature — 40 F, 15 F superheat 

Minimum load — 7 0 tons 
(Two of 15 cylinders operating at 20 F SST, 

15 F superheat, 105 F liquid temperature) 

T ype I copper tubing 

Height of riser — 10 ft (See Tig 58A for general arrangement) 

Allowable pressure drop in suction line is 2 F 

Find: 

Size of Riser 

Suction line pressure drop 
Solution: 

1 Estimated total equivalent length equals 1 (4 times the 
actual lineal length 1 5 X 70 = 105 ft From Chart 7, a 
4(4 in line will carry 98 5 tons for 110 ft at a pressure 
drop of 2 F with no subcooling 

2 The actual equivalent length of the suction line equals 70 
ft plus eight 4(4 in ells at 6 7 ft - 123 6 ft This is 
greater than 110 ft which gives a 2 F loss for the 4(4 in 
size Therefore, select a 5(4 in., line which will carry 98 5 
tons for 340 ft at a pressure drop 2 F. 

3 The actual equivalent length of the suction line is deter¬ 
mined in two parts, as follows: 

a Riser section at evaporator — 10 ft + one 5(4 in ell at 
8 2 ft = 18 2 ft. 

b Balance of suction line system — 60 ft -1- seven 5(4 in 
ells at 8.2 ft = 117 4 ft. Total equivalent length = 
135 6 ft. 

4 From Table 18, R-12. a 2(4 in. riser will return oil when 
carrying 5 I X 925 = 4 7 tons at 20 F suction temperature. 

5 Determine if the 2(4 in riser is adequate to carry full 
load at 40 F suction without exceeding the specified 
pressure drop The equivalent length of the riser is 10 ft 
+ one 2(4 in ell at 3 3 ft = 13 3 ft. The pressure drop in 
the balance of the suction line is: 


117.4 ft 
340 ft 


X 2 F = 


.69 F 


The pressure drop allowed for the riser is then 2 F 
— .69 F' or 1 31 F The chart equivalent length of a 2(4 in 
line having a pressure drop or 1.-31 F is: 

2 F 

Tsi T X 13 3 fl “ 20 fc 


Air Conditi onlay Company 
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Chart 7 at 20 ft shows the 2j4 Hne is only capable of 
carrying 42 tons Thus a second riser is necessary.. 

6 fig 5SB illustrates a recommended arrangement of 
double suction risers Riser A size would be the 2i/6 in 
selected in Step 4 Riser B must be sized by a ' cut 
and try” method. As a first trial, size Riser B one size 
smaller than the selected suction line of 4i/g in Equiva¬ 
lent lengths for Risers A and B are as follows: 



Tig.. 58B—Double Suction Riser 


Riser A 


Equivalent pipe lengths 


One 2in., ell 

33 

One 2i/£ in branch tee 

10 0 

One 5% in reducing tee 

130 

Actual pipe length 

13.0 

Total equivalent length 

39.3 ft 

Riser B 


Equivalent pipe lengths 


Three 4i/6 in. ells 

201 

One 5i/6 in reducing tee 

12.0 

One 41/6 in branch tee 

210 

One 41/6 in *U” 

17 0 

Actual pipe length 

13.0 

Total equivalent length 

83 1 ft 


Pressure drop available for the riser is 1 31 F from Step 5.. 
For Riser A, the chart equivalent length of a 2i/6 in 
line is: 

2 F 

—g - fp x 39 3 ft = 60 0 ft 


For Riser B, the chart equivalent length of a 4 \/ & in 
line is: 


2 F 
1.31 F 


X 83 1 ft = 127 0 ft 


From Chart 7, the 2y£ in line is capable of carrying 23 
tons and the 4l/6 in line is capable of carrying 92 tons.. 
The combined capacity is 115 tons, which is acceptable. 
Riser pressure drop is equal to: 


98.5 tons 
115 tons 


X 1 31 F = 1 12 F 


Total pressure drop = 1.12 F + 69 F — 1.81 F 


DISCHARGE (HOT GAS) LINE DESIGN 

The hot gas line should be sized for a practical 
pressure drop The effect of pressure dr op is shown 
in Table 16, page 43 

Discharge Risers 

Even though a low loss is desired in the hot gas 
line, the line should be sized so that refrigerant gas 
velocities are able to cany along entrained oil. In 
the usual application this is not a problem. How¬ 
ever, where multiple compressors are used with 
capacity control, hot gas risers must be sized to carry 
oil at minimum loading.. 

Table 19 shows the minimum tonnages required 
to insure oil return in upward flow discharge risers.. 
Friction drop in the risers in degrees F per 100 ft 
equivalent length is also included. 


Double Discharge Risers 

Sometimes in installations of multiple com¬ 
pressors having capacity control a vertical hot gas 
line sized to entrain oil at minimum load has an 
excessive pressure drop at maximum load In such 
a case a double gas riser may be used in the same 
manner as it is used in a suction line Fig. 59 shows 
the double riser principle applied to a hot gas line 

Sizing of double hot gas risers is made in the 
same manner as double suction risers described 
earlier 


REFRIGERANT CHARGE 

Table 20 is used to determine the piping system 
refrigerant charge required The system charge 
should be equal to the sum of the charges in the 
refrigerant lines, compressor, evaporator, con dens- 1 
and receiver (minimum oper ating charge) 



ALTERNATE - WHERE 'B " IS 
SMALLER THAN "C“ 



Fig 59 - Double Hot Gas Riser 
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TABLE 19—MINIMUM TONNAGE FOR OIL ENTRAINMENT UP HOT GAS RISERS 


_ Pipe OP 

Area Sq In. 




COPPER TUBING—TYPE L 

1 7 Hi I 



SCT—Saturated Condensing Temperature 
“Minimum tonnages are based on a saturated suction temperature of 
+ 20 F with 15 F of superheat at the Indicated saturated condensing 
temperatures with 15 F subcooling and actual discharge temperature 
based bn 70% compressor efficiency. •'■ '• 

For suction temperatures other than the 20 F multiply the fable values 
by the following factors: 

Sat. suet temperature — 40 —20 0 +20 +40 

Correction factor ,85 90 i 95 10 1 06 


tMinimum tonnages ore based on a saturated suction temperature of 
— 20 F All other conditions are the same as'above •('- 
For suction temperatures other than the -20 F. mutiply the table values 
by the following factors: - t ' ’ ' r- % V 

Sat. suet temperatures —%0 ■■■—40 -.'—20 0 -i’■; +20 +V+40 

Correction factor _ _ .87 94 1.0 1 08 ’ : 1 15 „ . J 21 


TABLE 20—FLUID WEIGHT OF REFRIGERANT IN PIPING 

(Lb/10 ft of length) 


SUCTION LINES 
40 F SAT SUCT TEMP 


LIQUID LINES 
100 F TEMP 


R-500 



REFRIGERANT 


_ To Correct fo r Temperatures Other Than Above, Multiply by the Following Factors: 

SUCT LINE—SAT. TEMP F | LIQUID LINE—SAT. TEMP F I 


, HOT GAS LINES 
100 F SAT. COND TEMP "/vV 


■-...R-22 ; 


■„ 047 .. 
■ 075 

, :16 ... 
••I: 127 

;40 


r ,57 j '■ ; 

;9? 

-. 2.2 


3.0 

? 3 s . 
"60 

: 8 6 i ■ 

15.0 


HOT GAS LINE—SAT. TEMP F 



Refrigerants 12 22 500 and 502 weights are for OD slies of Type L copper pipe 


Aix Conditioning Company 
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REFRIGERANT PIPING LAYOUT 

EVAPORATORS 
Suction Line Loops 

Evaporator suction lines should be laid out to 
accomplish the following objectives: 

1 prevent liquid refrigerant from draining into 
the compressor dur ing shutdown. 

2,. Prevent oil in an active evaporator from drain¬ 
ing into an idle evaporator.. 

This can be done by using piping loops in the 
lines connecting the evaporator, the compressor and 
the condenser.. Standard arrangements of suction 
line loops based on standard piping practices are 
illustrated in Fig. 60 

Figure 60a shows the compressor iocaied below a 
single evaporator.. An inverted loop r ising to the top 
of the evapor ator should be made in the suction line 
to prevent liquid refrigerant from draining into the 
compr essor dur ing shutdown 

A single evaporator below the compressor is il¬ 
lustrated in Fig 60b. The inverted loop in the suc¬ 
tion line is unnecessary since the evaporator traps 
all liquid refr igerant. 

Figure 60c shows multiple evaporators on differ¬ 
ent floor levels with the compressor below Each 
individual suction line should be looped to the top 
of the evaporator before being connected into the 
suction main to prevent liquid from draining into 
the compressor during shutdown 

Figure 60d illustrates multiple evaporators stacked 
on the same floor level ot may represent a two- 
circuit single coil operated from one liquid solenoid 
valve with the compressor located below the evap 
orator. In this arrangement it is possible to use one 
loop to serve the purpose 

Where coil banks on the same floor level have 
separate liquid solenoid valves feeding each coil, 
a separate suction riser- is required from each coil, 
similar to the arrangements in Fig. 60c and 60e for 
best oil return performance. Where separate suction 
risers are not possible, use the arrangement shown 
in Fig. 60f 

Figure 60g shows multiple evaporators located on 
the same level and the compressor located below the 
evaporators.. Each suction line is brought upward 
and looped into the top of the common suction line 
The alternate arrangement shows individual suction 
lines out of each evaporator dropping down into a 
common suction header which then rises in a single 
loop to the top of the coils before going down to 
the compressor.. An alternate arrangement is shown 


in Fig. 60h for cases where the compressor is above 
the evaporator. 

When automatic compressor pumpdown control 
is used, evaporators are automatically kept free of 
liquid by the pumpdown operation and, therefore, 
evaporators located above the compressor can be 
free-draining to the compressor without protective 

loops. 

The small trap shown in the suction lines imme¬ 
diately after the coil suction outlet is recommended 
to prevent erratic operation of the thermal expan¬ 
sion valve. The expansion valve bulb is located in 
the suction line between the coil and die trap The 
trap drains the liquid from under' the expansion 
valve bulb during compressor shutdown, thus pre¬ 
venting erratic operation of the valve when the 
compressor starts up again. A trap is required on ' 
when straight runs or risers are encountered in tl- 
suction line leaving the coil outlet A trap is not 
requir ed when the suction line from the coil outlet 
drops to the compressor or suction header immedi¬ 
ately after the expansion valve bulb 

Suction lines should be designed so that oil from 
an active evaporator does not drain into an idle 
one. Fig 60e shows multiple evaporators on differen 
floor levels and the compressor above the evapora¬ 
tors Each suction line is brought upward and 
looped into the top of the common suction line if its 
size is equal to the main Otherwise it may be 
brought into the side of the main The loop pre¬ 
vents oil from draining down into either coil that 
may be inactive, 

Figure 60f shows multiple evaporators stacked 
with the compressor above the evaporators. Oil is 
prevented from draining into the lowest evaporator 
because the common suction line drops below ' 
outlet of the lowest evaporator before entering the 

suction riser 

If evaporators must be located both above and 
below a common suction line, the lines are piped 
as illustrated in Figs. 60a and 60b, with (a) piping 
for the evaporator above the common suction line 
and (b) piping for the evaporator below the com¬ 
mon suction line 

Multiple Circuit Coils 

All but the smallest coils are arranged with mul¬ 
tiple circuits.. The length and number of circuits 
are determined by the type of application. Multiple 
circuit coils are supplied with refrigerant thru a 
distributor which regulates the refrigerant distribu¬ 
tion evenly among the circuits Direct expansion 
coils can be located in any position, provided proper 
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EVAPORATOR ABOVE 
COMPRESSOR 


EVAPORATOR BELOW 
COMPRESSOR 


(o) 


{ b) 


SINGLE EVAPORATORS 



ON DIFFERENT LEVELS - 
COMPRESSOR BELOW 
(C) ' 


STACKED ON SAME LEVEL- 
COMPRESSOR BELOW 
(d) 


MULTIPLE EVAPORATORS 



Fig 60 — Standard Arrangements of Suction Line Loops (One-Circuit Coils Shown) 


refrigerant distribution and continuous oil removal 
facilities are provided. 

In general the suction line piping principles 
shown in Fig 60 should be employed to assure 
proper expansion valve operation, oil return and 
compressor protection 

Figures 61 and 62 show direct expansion air coil 
piping arrangements in which the suction connec¬ 
tions drain the coil headers effectively. Fig 61 shows 
individual suction outlets joining into a common 
suction header below the coil level Fig 62 il¬ 
lustrates an alternate method of bringing up each 
suction line and looping it into the common line. 
The expansion valve equalizing lines are connected 
into the suction header downstream of the expan¬ 
sion valve thermal bulb 

Figure 63 illustrates the use of a coil having con¬ 
nections at the top or in the middle of each coil 
header, and piped so that this connection does not 
drain the evaporator . In this case oil may become 
trapped in the coil The figure shows oil drain lines 
from connections supplied for this purpose The 


drain lines extend from the suction connection at 
the bottom end of each coil header to the common 
suction header below the coil level.. 



Fig. 61 - DX Coil Using Suction Connections to 
Drain Coil, Suction Header Below Coil 
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Fig. 62 — DX Coil Using Suction Connect ions to 
Drain Coil, Suction Header Above Coil 


Dry Expansion Coolers 

Figures 64 and 66 show typical refrigeiant piping 
for a dry expansion cooler and a flooded cooler re¬ 
spectively. 

In a dry expansion chiller the refrigerant flows 
thru the tubes, and the water (or liquid) to be cooled 
flows transversely over the outside of the tubes, The 
water or liquid flow is guided by vertical baffles 
Multi circuit coolers should be used in systems in 
which the compressor capacity can be reduced below 
50%. This is recommended since oil cannot be prop¬ 
erly retur ned and good thermal valve control cannot 
be expected below this minimum loading per circuit 

It is also recommended that the minimum capac¬ 
ity of a single circuit should be not less than 50% of 



Fig 63 - DX Coil Using Oil Return Drain 
Connections ro Drain Oil, 



Fig 54 _ Dry Expansion Cooler 

its full capacity.. In addition, refrigerant solenoid 
valves should be used in the liquid line to each 
circuit of a multi-circuit cooler in a system in which 
the compressor capacity can be reduced below 50% 
A liquid suction interchanger is recommended with 
these cooler s 

For the larger size DX coolers a pilot-operated 
refrigerant feed valve connected to a small thermo¬ 
static expansion valve (Pig 66) may be used to ad¬ 
vantage The thermostatic expansion valve is a pilot 
device for the larger refrigerant feed valve. 

Flooded Coolers 

In a flooded cooler the refrigerant surrounds the 
tubes in the shell, and water or liquid to be cooled 
flows thru the tubes in one or more passes, depend¬ 
ing on the baffle arrangement.. 

Flooded coolers require a continuous liquid bleed 
line from some point below the liquid level in the 
cooler shell to the suction line This continuous 
bleed of refrigerant liquid and oil assures the re¬ 
quired return of oil to the compressor. It is usually 


LIQUID SUCTION 



Fig. 65 — Hookup for Large DX 
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LIQUID SUCTION 
INTERCHANGER-7 


SUCTION 



LIQUID 


STRAINER 

PILOT OPERATED 
VALVE 


SOLENOID VALVE 

BACK PRESSURE VALVE 
! WHEN REOUIREO) 

DOUBLE SUCTION RISER 


_ 


[/ 

-v -iri 


LEVEL [ 
CONTROL’ 


f 


4- ! 
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STOP VALVE- 
OIL BLEEDER LINE - 


1 SIGHT GLASS 


Fig 66 — Flooded Cooler 


chained into the suction line so that the oil can be 
returned to the cooler with the suction gas This 
drain line should be equipped with a hand shut-off 
valve, a solenoid valve and a sight glass The sole¬ 
noid valve should be wired into the control circuit 
in such a manner that it closes when the compressor 
stops, 

A liquid suction inter changer, installed close to 
the cooler, is required to evaporate any liquid re¬ 
frigerant from the refrigerant oil mixture which is 
continuously bled into the suction line. 

Since flooded coolers frequently operate at light 
loads, double suction risers are often necessary. 

To avoid freeze-up the water supply to a flooded 
cooler should never be throttled and should never 
bypass the cooler 

COMPRESSORS 
Suction Piping 

Suction piping of parallel compr essors should be 
designed so that all compressors run at the same 
suction pressure and so that oil is returned to the 
running compressors in equal proportions To in¬ 
sure maintenance of proper oil levels, compressors 
of unequal sizes may be erected on foundations at 
different elevations so that the recommended crank¬ 
case operating oil level is maintained at each com¬ 
pressor., 

All suction lines are brought into a common suc¬ 
tion header which is run full size and level above 
the compressor suction inlets. Branch suction line 
take-offs to the compressors ar e from the side of the 
header and should be the same size as the header 
No reduction is made in the branch suction lines to 
the compressors until the vertical drop is reached 



Fig 67 — Layout of Suction and Hot Gas Lines 
for Multiple Compressor Operation 


This allows the branch line to return oil propor¬ 
tionally to each of the operating compressors, 

Figure 67 shows suction and hot gas header ar ¬ 
rangements for two compressors operating in par¬ 
allel 

Discharge Piping 

The branch hot gas lines from the compressors 
are connected into a common header This hot gas 
header is run at a level below that of the compressor 
discharge connections which, for convenience, is 
often at the floor This is equivalent to the hot gas 
loop for the single compressor shown in Fig 68, 

The hot gas loop accomplishes two functions: 



Fig 68 - Hoi Gas Loop 
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Eig 69 - Interconnecting 


OIL AND GAS EQUALIZERS 
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Piping for Multiple Condensing Units 


!,. It prevents gas, which may condense m the hot 
gas line during the off cycle, from draining 
back into the heads of the compressors This 
eliminates compressor damage on start up.. 

2. It prevents oil, which leaves one compressor, 
from draining into the head of an idle one 

Interconnecting Piping . . . 

In addition to suction and hot gas piping of par¬ 
allel compressors, oil and gas equalization lines are 
required between compressors and between con¬ 
densing units. . , , 

An interconnecting oil equalization line is neede^ 
between all crankcases to maintain uniform oil 
levels and adequate lubrication in all compressors, 
The oil equalizer may be run level with the tappings 
or for convenient access to the compressors, it may 
be run at floor level (Fig- 69) Under no condition 
should it be run at a level higher than that of the 
compressor tappings. 

Ordinarily, proper equalization takes place only 
if a gas equalizing line is installed above the com- 


presso. crankcase oil line.. This lme may be run level 
with the tappings, or may be raised to allow head 
room for convenient access. It should be piped level 
and supported as required to prevent traps 

forming.. . 

Shut-off valves should be installed in both lines 
so that any one machine may be isolated for repan 
without shutting down the entire system Both lines 
should be the same size as the tappings on the 
largest compressor Neither line should be tun di¬ 
rectly from one crankcase into another without 
forming a U-bend or hairpin to absorb vibration. 

When multiple condensing units are intercon¬ 
nected as shown in Fig 69, it is necessary to equalize 
the pressure in the condensers to prevent hot gas 
from blowing thru one of the condensers and into 
the liquid line To do this a hot gas equalizer line is 
installed as shown. If the piping is looped as shown, 
vibration should not be a problem The equalizer 
line between units must be the same size as t e 
largest hot gas line.. 
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p 1G . 70 - Hoi Gas and Liquid Piping, Single Coil Unit Without Receiver Veni 



EVAPORATIVE CONDENSER 
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•, X: ■■ RECEIVER 
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' : rJOINJ 


ENTIRE ORAIN LINE 
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LIQUID^ 


il-SIGHT 
GLASS •• 


iisli»il mm 


. ^ / PITCH /rX - 

L . » */ „ ■ v i3»FT - ' 
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PIPING LESS THAN 6 FEET .( MUST a v ' 
CONNECT TO UPPER PART ..OF RECEIVER),^-. 


TO EVAPORATOR. 


wm 


/ • '-.'•u, *$71*;- 



CONDENSERS ' ; 

Liquid receivers are often used in systems having 
evaporative or air-cooled condensers and also with 
water-cooled condensers wheie additional liquid 
storage capacity is required to pump down the 
system. However, in many water-cooled condenser- 
systems the condenser serves also as a receiver if the 
total refrigerant in the system does not exceed its 
storage capacity, 

When receivers are used, liquid piping from the 
condenser to the receiver is designed to allow free 
drainage of liquid from the condenser at all times. 
This is possible only if the pressure in the receiver 
is not allowed to rise to the point where a restriction 
in flow can occur . 

Liquid flow from the condenser to the receiver- 
can be restricted by any of the following conditions: 

1 Gas binding of the receiver 

2. Excessive friction drop in the condensate line 

S Incorrect condensate line design 


The following piping recommendations are made 
to overcome these difficulties 

Evaporative Condenser to Receiver Piping 

Liquid receivers are used on evaporative con¬ 
densers to accommodate fluctuations in refrigerant 
liquid level, to maintain a seal, and to provide stor¬ 
age facilities for pumpdown An equalizing line 
from the receiver to the condenser- is required to 
relieve gas pressure tending to develop m the re¬ 
ceiver. Otherwise liquid hang-up in the condenser 
due to restricted drainage can occur. The receiver 
can be vented directly thru the condensate line to 
the condenser outlet, or by an external equalizer 
line to the condenser. 

Figure 70 shows a single evaporative condenser 
and receiver vented back thru the condensate dram 
line to the condensing coil outlet Such an arrange¬ 
ment is applicable to a close coupled system. A 
separate vent is not required However, it is limited 
to a horizontal length of condensate line of less than 
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’J' SIDE TO AVOID 'I, 
FORMING TRAP 


■RECEIVER 




REDUCING 

ELBOW 


,'LIOUID LEVEL 
-SIGHT GLASS ; , 

(OPTIONAL) 
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BOTTOM. SEE DETAIL^"ABOVE. 
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OUTLET TO BOTTOM 
CONNECTION) 


■ • . - V K 


SIGHT 
C * \ - 'GLASS 
TO EVAPORATOR 


MAINTAIN LEVEL 


Fig 71 — Hoi Gas and Liquid Piping, Single Coil Unit With Receiver Vent 


waste power and cause a loss of capacity if the over¬ 
charge backs up into the condenser,, An under¬ 
charged system also wastes power and causes a loss 
of capacity because the evaporator is being fed par¬ 
tially with hot gas. Therefore, if the receiver is 
omitted, an accurate refrigerant charge must be 
maintained to assure normal operation 


6 ft.. The entire condensate line from the condenser 
to the receiver is the same size as the coil outlet. 
The line should be pitched as shown. 

figure 71 shows the refrigerant piping for a single 
unit with receiver vent. Note that the condensate 
line from the condenser is the full size of the out¬ 
let connection and is not reduced until the second 
elbow is reached. This arrangement prevents trap¬ 
ping of liquid in the condenser coil 

Table 21 lists recommended sizing of receiver 
vent lines,, 

There are some systems in current use without a 
receiver but it must be recognized that problems can 
occur which can be avoided if a r eceiver is used. 

Such an arrangement is more critical with respect 
to refrigerant charge An overcharged system can 


TABLE 21-RECEIVER VENT LINE SIZING 


Receiver to Condenser 


VENT LINE SIZE BASED ON 
TYPE l COPPER TUBING 
(In. OD) 

REFRIGERATION 
(Ton*, Max.) 

V% 

to • 40 

Vt 

40 •• 80 

1V4 

80 120 

1* 

Above 120 
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HOT GAS 
LINE 


Fig 72 - Hoi Gas and Liquid Piping, Multiple Double Coil Unit 


The advantage of such an arrangement is an eco¬ 
nomic one; equipment cost is lower since receiver 
and valves are eliminated and the system operating 
charge is lowei if charged accur ately.. 

Figure 72 shows a piping arrangement for mul¬ 
tiple units. Note that there are individual hot gas 
and vent valves for each unit. These valves permit 
operation of one unit while the other is shut down. 
These are essential because otherwise the idle unit, 
at lower pressure, causes hot gas to blow thru the 
operating unit into the liquid line. Purge cocks 
are also shown, one for each unit. 

The hot gas piping should be such that the 
pr essure in each condenser is substantially the same 
To accomplish this the branch connection fr om the 
hot gas header into each condenser should be the 
same size as the condenser coil connection. 


Figure 73 shows a subcooling coil piping arrange¬ 
ment The subcooling coil must be piped between 
the receiver and the evaporator for best liquid sub¬ 
cooling benefits. 

Multiple Shell and Tube Condensers 

When two or more shell and tube condenser s are 
applied in parallel in a single system, they should 
be equalized on the hot gas side and arranged as 
shown in Fig 75. 

The elevation difference between the outlet of 
the condenser and”the hor izontal liquid header must 
be at least 12 in.., preferably greater, to prevent gas 
blowing thru.. The bottoms of all condensers should 
be at the same level to prevent backing liquid into 
the lowest condenser 

When water-cooled condensers are interconnected 
as shown, they should be fed from a common water 
regulating valve, if used. 
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An inverted loop of at least 6 ft is recommended 
in the liquid line to prevent siphoning of the liquid 
into the evapoiator (dr evaporators) during shut¬ 
down, Where a liquid line solenoid valve or valves 
are used, the loop is unnecessary. 

Figure 74 shows a similar loop for a single con¬ 
denser with the evaporator below. 

Vibration of Piping 

Vibration transmitted thru or generated in refrig 
erant piping and the objectionable noise which re¬ 
sults can be eliminated or greatly minimized by 
proper design and support of the piping 

The best way to prevent compressor vibration 
from being transmitted to the piping is to run the 
suction and discharge lines at least 6 pipe diameters 
in each of three directions before reaching the first 
point of support In this manner the piping can ab¬ 
sorb the vibration without being overstressed. 



Fig. 74 — Liquid Line From Condenser or Receiver 
to Evaporator Located Below 
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Fig 75 — Liquid Piping io Insure Condensate Flow From Interconnected Condensers 


The hot gas loop from the compiessor can be 
attached to the compressor base by means of a 
bracket if the base is isolated If there is enough 
space in the horizontal run of the loop, two brackets 
are recommended to eliminate excessive rocking 
movement of the pipe Brackets should be attached 
at the point of minimum movement of the com¬ 
pressor assembly The riser following the loop is 
supported as close as possible to the compressor. 

If the compressor is mounted on a resilient base, 
the pipe support should have a resilient isolator.. 
The isolator is selected for four times the deflection 
in the spring support of the compressor base 

See "Vibration Isolation of Piping Systems” in 
Chapter / for further discussion of the subject. 

REFRIGERANT PIPING ACCESSORIES 

LIQUID LINE 

Liquid Suction Interchangers 
These are devices which subcool the liquid re¬ 
frigerant and superheat the suction gas. The follow¬ 


ing describes four reasons for their use and the best 
location for each application: 

1 To subcool the liquid refrigerant to com¬ 
pensate for excessive liquid line pressure drop. 
Location •— near condenser Liquid suction in¬ 
terchangers are not recommended for single 
stage applications using Refriger ant 22 because 
superheating of the suction gas must be lim¬ 
ited to avoid compressor overheating How¬ 
ever, where they are used to prevent liquid 
slop-over to the compressor, superheating of the 
suction gas should be limited to 20 F above 
saturation temperature. A liquid suction inter¬ 
changer so designed to limit the superheat of 
the suction gas should have a bypass so that 
operating adjustments may be made 

2 To act as an oil rectifier, Location — near evap¬ 
orator 

3. To prevent liquid slop-over to the compressor 
Location — near evaporator, 

4. To increase the effciency of the Refrigerant 
12 and 500 cycles Location — near evaporator 
to avoid insulation of subcooled liquid line., 
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SUCTION 
6 AS IN 


SIZE THE.OUTER PIPE (LIQUID). 
ONE PIPE SIZE LARGES THAN 
tfi E IN NER PI PE (SUCTION 


SUCTION 
GAS'IN . 


Big 76 — Liquid Suction Interchanger 


Two common types of liquid suction inter¬ 
changers are: 

1 The shell and coil or the shell and tube ex¬ 
changer , suitable for increasing cycle efficiency 
and for liquid subcooling This type is usually 
installed so that the suction outlet drains the 
shell to prevent oil trapping 
2. The tube-in-tube interchanger (Figs. 76 and 
77), a.prefer able type for controlling slop-over 
caused by erratic expansion valve feed or for 
"rectifying” lube oil from a refrigerant oil 
mixtur e bled from a flooded evaporator-.. 


Excessive superheating of the suction gas must be 
avoided with heat exchangers since it causes exces¬ 
sive compressor discharge temperatures Therefore, 
the amount of liquid subcooling permissible by a 
liquid suction interchange! is limited to the amount 
of suction gas superheating that does not cause com¬ 
pressor damage when the gas is compressed to the 
discharge pressure. Beyond this point additional 
subcooling should be obtained from other sources. 

Charts 23 and 24 are used to determine the length 
(A) of a concentric tube-in-tube interchanger (Fig, 
76) The amount of liquid subcooling available is 


Big. 77 


— Eccentric Three-Pipe Liquid Suction Interchanger 


SUCTION 
GAS OUT 


LIQUID IN 


LIQUID OUT 
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CHART 23 —EFFICIENCY CURVES, DOUBLE TUBE LIQUID SUCTION INTERCHANGER, 

Refrigerants 12 and 500 


SUCTION TUBE SIZES 


LENGTH OF INTERCHANGER (FT)’A“- 

■ ' . ■ - ’ 

3 Typ. I tubing for 6«/ng.ranti 12 and 500. Liquid in annular ipoc. 

:,*■ Liquid tub. i. n..t lorgor .1.. ' P ; ' [A -IrV-' 


, , , . _ . , l»«» 0«ri t.mp — Ent got t.mp 

1 E (.vchong.r .ffici.ncy) = —— -i-;--- x 100 

'■ * > E«» liq t.mp - Enl gar t.mp 

2 liquid r.frig.rant rub-cooling multiplier! - S.frig.rant 12 = .453, 

- - - • ' • R.frig.ront 500 = 571 


CHART 24—EFFICIENCY CURVES, DOUBLE TUBE LIQUID SUCTION INTERCHANGER. 

Refrigerant 22 


SUCTION TUBE SIZES 


RANGE OF TONNAGE 
FOR Ii’SUCTION LINE 


LENGTH OF INTERCHANGER(FT) "A' 


ieav gas temp — Ent ga» temp 

NOTES: 1 E {.icKong.r .ifici.ncy) - M ^ „ mp _ E „, flo) ,. mp X 100 
2 Liquid refrigerant subcocling multiplier — Refrigercnt 22 — *53 


3 Type l tubing lor ftefr.geront 22 l:«< 

4 Liquid tube b nrrt lo'ge* W« 














3-74 


PART 3 PIPING DESIGN 


calculated by using the ratio of the specific heats of 
the suction gas and of the liquid (subcooling multi¬ 
plier). Example 5 illustrates the use of these charts 

Example 5 — Determining the Length of a Concentric 
Tube-in-Tube Interchanger 

Given: 

Refrigerant 12 system 
Load — 45 tons 

Suction line - 3 i/ 8 in. OD Type L coppei 
Expansion valve — 10 F superheat 
Suction temp — 40 F 
Condensing temp — 105 F 

find: 

Length of a concentric tube in tube interchanger to super¬ 
heat the suction gas to 65 F (suction gas temperature to 
compressor in accordance with ASRE Standard 2SR on 
rating compressors) 

Amount of liquid subcooling. 

Solution: 

See Chart 2.3 

1 Determine interchanger efficiency E from equation 
_ leav gas temp - ent gas temp ^ ^ 

E — ent liq temp — ent gas temp 

= ^^ xloo= -i- >!100=272% 

2. With an efficiency of 272% a 3i/ 8 in.. OD pipe size and 
a 45 ton load, enter Chart 23 as indicated per dashed 
line to determine a length (A) of 17 ft. 

3 For Refrigerant 12 the ratio of gas to liquid specific heat 
is .653. Therefore, subcooling of liquid refrigerant is 
653 X 15 F (leav gas temp - ent gas temp) or 9 8 F. 

An eccentric three-pipe interchanger is shown in 
Pig 77. The inner pipe and the outer pipe offer two 
surfaces for the exchange of heat between the warm 
liquid refrigerant and the colder suction gas The 
required length of this interchanger can be deter¬ 
mined by using the method shown in Example 5 
and by basing the r equired length on a r atio of rela¬ 
tive surfaces between the liquid refrigerant and the 
suction gas. 

Liquid Indicators 

Every refrigeration system should include a means 
of checking for sufficient refrigerant charge. The 
common devices used are a liquid line sight glass, 
liquid level test cock on condenser or receiver, or 
an external gage glass with equalizing connections 
and shut-off valves, 

The liquid line sight glass is one of the most 
convenient to install and use A properly installed 
sight glass shows bubbling when there is an insuffi¬ 
cient charge and a solid clear glass when there is 
sufficient charge 

Sight glasses should be installed full size in the 
main liquid line and not in a bypass line that par¬ 
allels the main line.. 



Fig. 78 — Double Pori Liquid Indicaior 

A sight glass with double ports and seal caps is 
preferable The double ports allow a light to be put 
behind one port so that the state of the refrigerant 
is easily seen The seal caps serve as an added pro¬ 
tection against leakage or breakage since they are 
removed only when checking the refrigerant Fig 78 
shows a double port liquid indicator with seal caps, 

The installation of a double port or see-through 
sight glass is recommended in the following 
locations: 

1„ With a single condenser and the evaporator 
below the condenser - in the liquid line leav¬ 
ing the condenser or, if a receiver is used, in 
the liquid line leaving the receiver; 

2 With multiple condensers and the evaporator 
below the condensers — in the main liquid line 
leaving the condenser bank and also in the 
liquid line leaving the receiver if used, 

3, With the evaporator above the condenser(s) — 
in the liquid line before the thermal expansion 
valve., This allows the serviceman to observe 
if flashing is taking place. 

Strainers 

The installation of a strainer ahead of each auto¬ 
matic valve is recommended. Where multiple ex¬ 
pansion valves with integral strainers are used, a 
single main liquid line strainer is sufficient to 
protect all of these. Fig 79 shows an angle cartridge 
type strainer. A shut-off valve on each side of the 
strainer is desirable and should be located as close 
to the strainer as possible. 

On steel piping systems an adequate strainer 
should be installed in the suction line and a filter- 

.- - - - Figures 78 - SO courtesy of Mueller Brass Co 
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Fig. 80 — Angle Type Drier-Strainer 


drier in the liquid line to remove the scale and iust 
inherent in steel pipe. 

Refrigerant Driers 

A permanent refrigerant drier is recommended 
for most systems and is essential for all low tempera¬ 
ture systems It is also essential for all systems using 
hermetic compressors since the compressor motor- 
winding is exposed to r efr igerant gas If the gas con¬ 
tains excessive moisture, the winding insulation may 
br eak down and cause the motor to burn out. A full- 
flow drier must be used for this type system. 

figure SO shows an angle type cartridge drier,, 
The drier should be mounted vertically in the 
liquid line A three-valve bypass (fig 81) should 
be used to permit isolation of the drier for- servicing 
and to allow partial refrigerant flow thru the drier 

Reliable moisture indicators (Fig. 82) for liquid 
refrigerant lines are available, These devices indi¬ 
cate the proper time to replace the drier cartridge, 

Filter-Driers 

Filter-driers (Fig. 81) are more commonly used 
than strainers and drier s together'. The drier mate¬ 
rial actually filters the liquid refrigerant 

Solenoid Valves 

Solenoid valves are commonly used in the follow¬ 
ing places: 

1 In the liquid line of any system operating on 
single pump-out or pump-down compressor 
control, 

2 In the liquid line of any single or multiple 
DX evaporator system 

3 In the oil bleeder lines from flooded evaporator s 
to stop the flow of oil and refrigerant into 
the suction line when the system shuts down 

In many cases it is desirable to use solenoid valves 
with opening stems The opening stem serves as a 
by-pass so that the system may continue to operate 
in case of solenoid coil failure. 


i. 


Fig. 81 — Three-Valve Bypass eor Refrigerant 
Drier 


Fig.. 82 — Combination Moisture and Liquid 
Indicator 


Figures 82 and 83 courtesy of Sporlan Valve Co 
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Fig. 84 — Refrigerant Charging Connections 


Refrigerant Charging Connections 

The two usual methods of charging the refrigera¬ 
tion system are: 

1 Charging liquid into the liquid line between 
the receiver shut-off valve and the expansion 
valve. Fig 84 shows a charging connection in 
a liquid line leaving a receiver ., 

2 Charging gas into the suction line Except for 
very small systems this method is not practical 
because of the time required to evaporate the 
refrigerant from the drum and because of the 
danger of dumping raw liquid into the com¬ 
pressor. 

Expansion Valves 

Thermal expansion valves should be sized to 
avoid both the penalties of being undersized at full 
load and of being excessively oversized at partial 
load The following items should be considered be¬ 
fore sizing valves: 

1, Refrigerant pressure drop thru the system must 
be properly evaluated to determine the correct 
pressure drop available across the valve 

2. Variations in condensing pressure during oper¬ 
ation affect valve pressure and capacity Con¬ 
densing pressure should be controlled, there¬ 
fore, to maintain required valve capacity 

3 Oversized thermal expansion valves do not 
control as well at full system capacity as prop¬ 
erly sized valves and control gets progressively 
worse as the coil load decreases Capacity re¬ 
duction, available in most compressors, further 
increases this problem and necessitates closer 
selection of expansion valves to match realistic 
loads.. 

When sizing thermal expansion valves, make the 
selection on the basis of maximum load at the de¬ 
sign operating pressure and at least 10 degr ees super¬ 


heat. live degrees is the usual change in super¬ 
heat between a full open and closed position, This 
is called the operating superheat, Thus a valve 
which operates at 10 degrees superheat at design 
load balances out at 5 to 6 degrees superheat at low 
load. A low superheat setting at design load, there¬ 
fore, does not provide sufficient margins of safety at 
low loads because of the 5 degrees necessary for 
operating superheat. 

The expansion valve bulb should be located im¬ 
mediately after the coil outlet on the suction line 
and 45° above the bottom of the pipe With this 
arrangement the coil is the source of superheat 
for valve operation. The valve should be set so that 
overfeeding does not occur at times of partial load, 
The effect of condensing temperature on the 
capacity of an expansion valve for two different 
systems is illustrated in Example 6 

Example 6 — Effect of Condensing Temperature on 
Expansion Valves 

Given: 

Two refrigeration systems using Refrigerant 500, one oper ¬ 
ating at 40 F suction and 90 F condensing, the other oper¬ 
ating at 40 F suction and 130 F condensing 



SYSTEM 1 

40 F Suction 
90 F Condens 

SYSTEM 2 

40 F Suction 
130 F Condens 

Condensing pressure 

Liquid line drop 

Pressure at thermal i 

expansion valve inlet j 

1212 psig 
6.2 

218 2 psig 

6.2 

115.0 psig 

212.0 psig 

Suction pressure 

Suction line losses 

Coil pressure drop 
Distributor pressure drop 
Pressure at thermal 
expansion valve outlet 

46 2 psig 
28 

7 0 

17 0 

46 2 psig 

2.8 

7.0 

17.0 

73.0 psig : 

73.0 psig 

Pressure drop available 
across valve 

42 0 psi 

139.0 psi 


Assume that a valve of 27 5 ton capacity at 40 F suction 
and 60 psi differential is selected 


Find: 

Capacity at the pressure drop available across the valve of 
systems 1 and 2 

Solution: 

The capacities will vary approximately as the square root 
of the pressures: 

Capacity 1 _ ( P t 
Capacity 2 ^ ) 

Cap. { 42 y/ 2 

For system I —jjyg— — l gg — J Cap = 23 tons 

Cap. f 139 \i/ 2 

For system 2 T 75 — “ \~60~ / Ca P ~ 4 2 tons 

Note that the expansion valve capacity is nearly double at 
the higher head pressure. 
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On certain low temperature applications and on 
high tempeiatuie applications where the design or 
partial load least temperature difference (LTD) 
between the refrigerant and air or water is extremely 
small, it may become necessary to consider the use 
of the liquid suction interchanger as a source of 
superheat This is done to increase the effective 
evaporator surface by allowing the liquid suction 
interchange! to supply the superheat function. 

If only one liquid suction interchange! is used 
for the applications just mentioned, it should be an 
eccentric three-pipe interchange! as shown in Fig 
77. This arrangement permits the expansion valve 
bulb to sense the suction gas temperature from the 
outside surface of the inter changer. Otherwise two 
tube-in-tube interchangers should be used with the 
thermal expansion valve bulb located between the 
in ter changers.. 

The preferred refrigerant flow in a coil circuit to 
obtain superheat is illustrated in Fig. 85. 


SUCTION LINE 
Back Pressure Valves 

A conventional type back pressure regulating 
valve is used in a refrigerating system to maintain 
a predetermined pressure in the evaporator . A con¬ 
ventional type regulator controls the upstream pres¬ 
sure. The r egulator has a spring loaded diaphragm 
designed to actuate a seat pilot valve. The actuating 
pressure comes from the evaporator or upstream 
side of the regulator When the upstream pressure 
against the diaphragm is greater than that exerted 
by the spr ing, the pilot valve opens and a flow of gas 
is admitted to the power piston The piston in turn 
causes the main port to open This permits a flow of 
gas from the upstream side of the valve to the down¬ 
stream side "V\hen the actuating pressure becomes 
less than that controlled by the spring pressure, the 
flow of gas to the power piston is stopped and the 
regulator closes 

There are many variations of the back pressure 
regulating valve. Several are described in the fol¬ 
lowing: 

T The compensating type, actuated by air or 
electricity, varies the suction pressure in ac¬ 
cordance with temperature or load demand 
2 The dual pressure regulator is designed to 
operate at two predetermined pressures with¬ 
out resetting or adjustment; by opening and 
closing a pilot solenoid, either the low pressure 
or the high pressure head operates 
Figure 86 shows a simple back pressure regulating 


Air Conditioning Company 



Pig 85 — Preferred Refrigerant Flow in Coil 
Circuit to Obtain Superheat (Plan View) 


valve which is ordinarily used for one of the fol¬ 
lowing purposes: 

1. To control evaporator suction pressure in spite 
of compressor suction pressure variation 

2 To establish evaporator suction pressure when 
lower compressor suction pressure is demanded 
by another part of the same system, 

3 To prevent evaporator freezing when operat¬ 
ing near the freezing temperature. 
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Fig. 86 — Back Pressure Valve 
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CHART 25 -BACK PRESSURE VALVE APPLICATION CHART 
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3 Reason for use of bock pressure an any refrigeration system I. to set a low limit below which room relative humidity cannot drop at light load 
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Fig 87 — Insiallation Using Back Pressure Valves 
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Chart 2.5 illustrates the application of back pres¬ 
sure valves for various sei'vices such as number and 
types of evaporators, and types of room and com¬ 
pressor control. 

Figure 87 illustrates the location of back pressure 
valves. 

DISCHARGE LINE 
Oil Separators 

Oil separators reduce the rate of oil circulation. 
However they are not 100% efficient since some oil 
always circulates thru the system. 

Oil separators are of particular value on certain 
types of installations such as: 

1. Systems requiring a sudden and frequent 
capacity variation. 

2. Systems having extensive pipe lines and numer¬ 
ous evaporators The large volumes inherent 
in such systems result in appreciable oil 
hangup. 

There are several objections to oil separators: 

1 Oil separators permit some oil to be carried 
over into the system and, therefore, proper pip¬ 
ing design to return oil is still required even 
though a separator is used 

2 On start-up, gas may condense in the shell of 
the separator As a result the separator delivers 
liquid refrigerant into the crankcase This in 
turn increases crankcase foaming and oil loss 
from the compressor., 

During the “off” cycle the oil separator cools 
down and acts as a condenser for liquid refrigerant 
that evaporates in the warmer par ts of the system. 
Thus a cool oil separator acts as a liquid condenser 
during “off” cycles and also on compressor start-up 
until the separator has warmed up Large amounts 
of liquid refrigerant in the crankcase result in poor 
lubrication and may also result in removing the oil 
from the crankcase completely 

Figure 88 shows the recommended method for 
piping an oil separ ator. 

Mufflers 

If a muffler is used in the hot gas line, it should 
be installed in downward flow risers or in horizontal 
lines as close to the compressor as possible.. 

The hot gas pulsations from the compressor can 
set up a condition of resonance with certain lengths 
of refrigerant piping in the hot gas line A muffler 
installed in the compressor discharge aids in elimi¬ 
nating such a condition 

Figure 89 shows a muffler in a hot gas line at 
the compressor. 



Ejg 88 — Oil Separator Location 


Check Valves 

Check valves contribute a relatively large addi¬ 
tion to a line pressure drop at full load and must 
be taken into account in the selection of refrigera¬ 
tion equipment In addition a check valve cannot be 
relied upon for 100% shut-off 

Whenever the receiver is warmer than the com¬ 
pressor during shutdown, refrigerant in the receiver 
lends to boil off and flow back thru the condenser 
and hot gas discharge line to the compressor where 
it condenses, If there is sufficient refrigerant in the 
receiver, liquid refrigerant eventually enters the 
compressor despite the loop in the hot gas line at 
the base of the compressor. To prevent this, a check 
valve should be used (Fig 68, page 65) 

In a non-automatic system a hand valve may be 
used at the inlet to the condenser to manually shut 
off the flow on shutdown, in which case the pressure 
drop involved will be much less than that encoun¬ 
tered using a check valve 

REFRIGERANT PIPING INSULATION 

Liquid, linei should not be insulated if the sur¬ 
rounding temperature is lower than or equal to 
the temperature of the liquid Insulation is recom- 



Fig, 89 — Hot Gas Muffler and Location in 
Hoi Gas Line 
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mended only when the liquid line can pick up a 
considerable amount of heat, The following areas 
in a refrigerant piping system should be insulated: 

1 A liquid line exposed to the direct rays of the 
sun for a consider able distance., 

2 Piping in boiler rooms. 

3 Piping at the outlet of a liquid suction inter¬ 
changer to preserve the subcooling effect. 

Where liquid and suction lines can be strapped 
together, a single insulating covering can be used 
over both lines This induces an exchange of heat 
and is desirable from the standpoint of the subcool¬ 
ing effect on the liquid However excessive super¬ 
heating of the suction gas can result from too much 
exchange of heat. 

Hot gas lines should not be insulated. Any heat 
lost by these lines reduces the work to be done by the 
condenser „ 

Suction lines should be insulated only to prevent 
dripping where this causes a nuisance or damage 
It is generally desirable to have the suction line 


capable of absorbing some heat to evaporate any 
liquid which may have entered the suction line 
from the evaporator Tor unusual conditions of 
high ambient temperatures and simultaneous high 
relative humidities extra insulation must be applied 

The thickness of insulation required to prevent 
condensation on the outer surface is that thickness 
which raises the temperature of the outer surface 
of the insulation to a point slightly higher than 
the maximum expected dewpoint of the surround¬ 
ing air. The external vapor barrier must be made 
as nearly perfect as possible in order to prevent 
leakage of vapor into the insulation 

A cellular glass or cellular plastic type of insula¬ 
tion is fast becoming accepted as an ideal insulation 
Its cellular structure provides exceptionally high 
resistance to water and water vapor, The cellular 
glass, being inorganic, is fire-proof. Cellular pi?' c 
which is also available is self -extinguishing 

When located out of doors, insulation must be 
weatherproofed unless, of course, it is inherently 
waterproof. 






